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CHAPTER I 
OVERVIEW 
1. The Problem 
At the present writing the advantages and the disad-
vantages of science teaching utilizing television films 
previously filmed remain to be proven. However, regard-
less of the outcome, the teacher in the elementary school 
today has a vast opportunity to use the wealth of knowl-
edges and experiences of the many people who participate 
in this medium. 
Perhaps one of the essentials so blatantly missing 
is adequate teachers• material. Without complete pre-
television and post-television lessons the teacher is un-
able to prepare students with a sufficient background for 
viewing the television lessons and to ascertain the amount 
of learning or additional learning necessary to insure a 
well-rounded science lesson. Many well-planned television 
lessons remain incomplete because proper pre-viewing and 
post-viewing lessons are not provided. Because of this 
challenge, the writer has taken this opportunity to gather 
together material to aid other teachers using the televi-
sion program on physical science provided for grade six by 
Channel 2, Station WGBH, Boston, Massachusetts. 
-1-
2. Justification 
Television teaching falls into the category of audio-
Y 
visual aids. Dr. John c. Schwartz tells us, "An audio-
visual instruction program is not 'gadgeteering 1 or the 
showing of a 'movie' here and there. It is a sound ed-
ucational practice based on: 
1. An understanding of the students and their needs. 
2. An understanding of curriculum construction. 
3. An understanding of the environmental influences 
affecting life today. 
4. The implementation of student and curricular 
needs with concrete materials. 
It calls these learning principles into play: 
1. Self-activity. 
2. Appreciation. 
3. Simultaneous learning. 
4. Interest. 
5. Individual differences." 
2 
This paper has been written with the above points as a 
basis with hope that every science television program 
viewed will be so utilized as to find a place in the sound 
education of every child involved. 
jGJohn Charles Schwartz, Jr., Evaluative Criteria for an 
udio-Visual Instructional Program, Wm. c. Brown Co., 
DUbuque, Iowa, 1950, p. 1. 
The pre-television lessons and the post-television 
lessons are essential to assure such a place for the 
science television program. A prime requirement for every 
student is enough background to understand fully each 
program. Supplying this knowledge is the duty of the 
classroom teacher. Since no textbook covers all the 
programs and there is no one place for the teacher to 
acquire the necessary background and subject matter~ this 
paper sets forth for a selected number of units this 
material. 
3 
.v According to Campion ~ "A second duty of the classroom 
teacher is to make certain that every individual in her class 
will view with a purpose each and every program. Each 
student should know what to look for~ how to look~ and what 
to do about what he sees." By carefully following the 
material given in this paper~ the work of the teacher will 
be greatly facilitated. The pre-television lessons tell what 
to look for. The post-television lessons tell what to do 
about what he sees. 
1/Lee E. Campion and Yvonne Lanagan~ And T.V. Too~ 
Wational Education Association of the United States, Depart-
ment of Classroom Teacher, 1961, p. 18. 
y 
Herbert Zim stated in his article, This Is Science, 
"The method of science is simple enough •••• It really be-
comes trying something and seeing what happens." In the 
post-television lessons as presented in this paper, the 
pupil is given the opportunity to see for himself that the 
results shown on television really do happen. He views 
and his curiousity is aroused. Then, in the post-televi-
sion lesson he is allowed and even encouraged to partici-
pate in follow-up activities. Thus, he is given a chance 
to try something and see what happens. 
3. Explanation of Procedure 
The format chosen after much deliberation involves a 
pre-television lesson and a post-television lesson. 
Further suggestions and activities are provided for the 
teacher who has the time to delve into additional under-
standings and projects. To insure the teacher's knowledge 
of the subject matter involved, a list of basic understand-
ings and a topical outline of the material to be covered is 
supplied for each unit. 
4 
TOPICAL OUTLINE - This is an outline of the actual television 
program. It is included to give the teacher a chance to 
familiarize herself with the material to be covered. With 
1/Herbert s. Zim, This Is Science, The Association for 
Childhood Education- International, Washington, D.o., 1945, 
p. 4. 
5 
this information, she should be able to present the pre-
television lesson in a manner that will arouse interest 
and supply the class with the necessary motivation to get 
the most out of the television-viewing lesson. 
BASIC UNDERSTANDINGS - The list of basic understandings 
includes the knowledge that should be the outcome of the 
entire unit of study. It includes the pre-television, 
the viewing lesson and all post-television work. A check 
of these basic understandings are included in the pupil 
evaluation lesson. 
PRE-TELEVISION LESSON - The purpose of this lesson is two-
fold: 1. to supply the child with any information that 
will enable him to understand more easily the viewing 
lesson, and 2. to set the stage for the television present-
ation. 
It generally consists of several parts. 
1. The general directions. 
2. Specific directions for the teacher. 
3. A vocabulary list with the meaning for each 
word. 
4. A vocabulary check sheet for the pupil. 
5. A vocabulary answer sheet for the teacher. 
POST-TELEVISION LESSON - The post-television lesson is 
probably the most important part of a classroom television 
program. It is during this period that the classroom 
teacher must attempt to fix in the minds of the students 
the basic ideas of the program. In this respect, Eddy 
y 
states, 11 Admittedly, nothing will ever replace the time-
tested question and answer period between the teacher and 
the student in the classroom." The pupil has been shown 
and has been told what reactions to expect in a given 
situation. Now he must be given an opportunity to find 
out for himself. that these same results occur even when 
he is doing the experiment or it is done in his classroom 
in his presence. 
The post-lesson is divided into four parts: 
1. A list of materials needed to carry out all 
suggested activities. 
2. A review including five problem-solving 
situations for discussion and questions to be 
covered in this discussion. 
3. References for obtaining related experiments. 
4. Enrichment activities. 
The amount of time spent on each part depends entirely 
upon the time limitations of the individual classroom. 
However, two periods of thirty minutes each would be satis-
factory. The review and experiments will be covered in the 
first thirty minute period. The special activities or 
reports of these activities and the pupil evaluation should 
be completed in the second period. If this amount of time 
~illlam Crawford Eddy, Television, the E1es of Tomorrow, 
rentice-Hall, Inc., N.Y., . l945,) p. 284. 
6 
is not available, it is important that some of each part 
be included in your post-lesson. 
7 
The pupil evaluation is designed to check the basic 
understandings gained and retained by the student. It 
gives the teacher a chance to evaluate the knowledge of 
the child. But, more important, it gives her a chance to 
evaluate her own teaching. A teacher's answer sheet is 
supplied with each test. 
PUPIL TEXTBOOK REFERENCES - None of the textbooks checked 
by this writer contained all the information for every 
unit. To facilitate the teacher's work, a list of pupils' 
textbook references is included at the end of every unit. 
The series is referred to by publishing company. A complete 
listing of authors and titles is also included in a 
bibliography at the conclusion of the entire paper. 
In order to make this a valuable teachers' guide, the 
writer has followed the criteria as set forth by James y 
Kinder. He states that every good manual does the 
following: 
"1. It specifies the grade or age level of the 
audience for which it is prepared. 
~James s. Klnaer, Audio-Visual Materials and Techniques, 
nd Edition, American Book Company, N.Y., 1959, p. 327-329. 
2. 
3. 
4. 
5. 
6. 
7. 
It tells who plans or is responsible for the 
program. 
It gives a brief outline of the content of 
the telecast. 
It suggests pre-telecast activities for the 
viewers. 
It provides a list of words to be used in the 
telecast which may be new to the viewers. 
It provides a suggested list of post-telecast 
activities. 
It gives a list of source materials of books, 
pamphlets, and maps and suggests further 
trips for further study." 
Thus, at this time there is no way to evaluate this 
work. It is hoped that teachers using the Channel 2, 
WGBH, Boston television program in physical science for 
grade six will find great help in the following pages. 
8 
CHAPTER II 
RELATED LITERATURE ON TELEVISION TEACHING 
Television has swept the nation. 
y 
Kinder tells us 
"From the outset, the reaction to television as an edu-
cational force has been mixed. Some met it with indif-
ference; others were sceptical of the ways and means of y 
utilizing the new giant." Donald Fink states, "Regard-
less of his feelings, the educator must realize that 
television is affecting not only the obvious things like 
entertainment customs and domestic routine, but educa-
tional techniques as well.n 
The educator of today must accept this new medium and 
utilize it fully. We know that the impact of this means 
of communication upon children is tremendous. In 1957, 
87% of the homes in the United States had televisions. 
10% of them had more than one set. 
l}James J. Kinder, Audio-Visual Materials and Techniques, 
2nd Edition, American Book Company, N.Y., 1959, p. 305. 
g;Donald G. Fink and David M. Lutyens, The Physics of 
Television, Doubleday and Company, Inc., Garden City, N.Y., 
1960. 
-9-
y 
James Brown gives us these figures~ "In 1952, the First 
Communications Commission reserved 242 television channels 
for education. In 1957, more were added to bring the 
total to 258." Now it is up to the educator to use this y 
great gift. Charles A. Siepmann says, "We face a crisis 
of enormous proportion •••• It is almost to be welcomed as 
it invites us to resourceful ingenuities and exhibition 
of our collective strength and will." 
Disadvantages of Television Teaching 
The disadvantages in television teaching are far out-
weighed by the advantages. The flexibility of the pro-
grams is one of the most noticeable problems. As Robert y 
Schreiber states, 11 Education wants what it wants when it 
wants it on a more flexible individualistic basis than 
television now supplies." WGBH- TV of Boston is attempt-
ing to overcome this by scheduling each program twice. 
This gives the school a chance to choose the more conven-
ient time. 
1/James W. Brown and Richard B. Lewis and Fred Harcleroad, 
A-V Instruction, Materials, and Methods, McGraw, Hill 
Book Company, Inc., N.Y., 1959, p. 2o8. 
10 
£/Charles Siepmann, T.V. and our School Crisis, Dodd, Mead, 
and Company, N.Y., 1958, p. 187. 
]!Robert E. Schreiber, and Leonard Calvert, Building an 
Audio-Visual Program, Science Research Associates, Chicago, 
1946, p. 210. 
v However, as noted by Louis Shores, "in most cases, 
broadcast time and curriculum do not coincide. The 
content of the various educational programs are often 
aimed at the L.C.D. or the lowest intelligence of the 
viewing public." This will continue as long as 33% 
of the people in Boston want from television only enter-
V 
tainment and relaxation. 
Advantages of Television Teaching 
The advantages of teaching by television are great. 
11 Dunlap states, "Tests show that of all the senses, 
vision accounts for 90% of all learning. The other four 
senses combined contribute a mere 10%." This fact alone 
would support the use in the classroom of any method 
!Y 
employing vision. According to Eddy, "The pre-eminent 
function of television will be to introduce into educa-
tional process those visual methods which will make 
education more entertaining and appealing to the pupils of 
the world. 11 
11 
i/Louis Shores, Instructional Materials: An Introduction 
for Teachers, The Ronald Press Company, N.Y., 1960, p. 317. 
g!National Educational Television and Radio Center, The 
Impact of Educational Teaevision, University of Illinois 
Press, Urbana, 1960, p. 42. 
j/Orrin E. Dunlap, Jr., The Future of Television, Rev. Ed., 
Harper and Brothers, N.Y., 1947, p. 137. 
~William Crawford Eddy, Television, the Eyes of Tomorrow, 
Prentice-Hall, Inc., N.Y., 1945, p. 285. 
12 
From the viewpoint of the administrator there are many 
advantages to the use of television in the educational y 
system. Some of this as noted by Charles Siepmann are: 
"1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
Superior teaching becomes part of the common 
experiences of every child on every grade level. 
The teacher shortage is alleviated. 
It assures competent teaching of the important 
subjects where lack of staff might cause that 
subject to be poorly taught or not taught at all. 
Home students are able to watch and thus, 
keep up. 
Backward students are helped by supplementary 
courses in the vacation time. 
Good public relations are promoted. 
Schooling is extended to adults. 
Financial economy is aided. 
In-service teacher training is obtained easily. 
Overcrowding of schools is partially overcome 
by home-viewing." 
The advantages from the teacher's viewpoint are multi-
gj 
tudinal. Charles Siepmann lists them as follows: 
"1. Teachers are forced to fresh efforts by observ-
ing the superior teacher. 
2. The classroom teacher has time to better prepare 
other courses. 
3. Attention can be given to the individual. 
4. Teachers laking proficiency in a subject can act 
as 1 adjutants •. 
5. Teachers with a special interest can promote 
their specialty via television. 
1/Charles Siepmann, T.V. and Our School Crisis, Dodd, Mead, 
and Company, 1958, p. 13b. 
g/Ibid., p. 138-142. 
6. 
7. 
8. 
13 
y 
According to The National Education Association, 
resources are provided that would ordinarily not 
be available. 
a. uPersons from local, state, international 
fame. 
b. Resource materials such as models, museum 
pieces, or kits not available in the 
classroom. 
c. Visual and graphic material that the 
teacher does not have time to prepare." 
d. Field Trips, otherwise, inaccessible. 
e. OUtstanding personnel in various fields. 
The classroom teacher is presented with many new 
ideas. y 
Dunlap states that 11 factual content is given to 
many at once. " 
9. The minimum essentials are presented to all 
~ students in a uniform manner. 
10. Lessons are standardized. 
1/National Education Association of the United States, 
~epartment of Classroom Teachers, And T.V., Too~, National 
Education Association, 1961, p. 18. 
g/Orrin E. Dunlap, Jr., The Future of Television, Revised 
Edition, Harper and Brothers, N.Y., 1947, p. 138. 
Pupils also benefit by this method of teaching. The 
following is a list of advantages from the student's point y y~ 
of view according to Eddy and Siepmann. 
1. Impressions are made by two senses - sight and 
hearing. 
2. Magnification gives ttthe back-row student 
front-row vision." 
3. Supplementary reading is promoted. 
4. New faces and personalities add interest. 
5. Motivation is great. 
6. Home study is available. 
7. Good diction is heard and copied. 
8. Vocabularies are enlarged. 
9. Natural phenomena, such as an eclipse, can be 
watched regardless, of where it takes place. 
l}William Crawford Eddy, Television, the Eyes of Tomorrow, 
Prentice -Hall, Inc., N.Y., 1945, p. 285. 
14 
g/Charles Siepmann, T. v. and OUr School Crisis, Dodd, Mead, 
and Company, 1958, p. 142 - 143. 
3/Charles Siepmann, Television and Education in the United 
States, Unesco, Paris, 1952, p. 90. 
FILMS VS. TELEVISION 
Many educators compare the advantages of films to y 
those of television. Siepmann makes this comparison: 
1. Films may be used in only one room at a time. 
Television may be shown in every room equipped 
with a set. 
2. Films are not always timely because they must 
be produced and distributed. Television is on 
the spot coverage. 
3. The teacher is able to preview a film but not 
a television program. 
4. The teacher has a wider range of program choice 
by using films. 
5. Film is available in color. Most television 
is not. 
6. Film may be shown on any size screen. 
7. Films involve much preliminary preparation of 
equipment. 
Most teachers agree that both films and television have a 
place in modern education. Either or both may be used to 
fill a definite educational need. 
i/Charles Slepmann, Television and Education in the United 
~tates, Unesco, Paris, 1952, p. 83. 
15 
EVALUATION 
Those educators involved in television teaching are 
anxious to know its successes and failures. At the time 
of this writing, there is little to use as a basis for 
any valid evaluation. However, a review of the growth 
16 
and of the agencies involved in this new educational 
medium shows its great impact. An ever increasing number 
of school systems are utilizing this form of education. 
Among the first city school systems to employ it were 
Miami, Atlanta, Detroit, Kansas City, and Hagerstown. 
Large experimental projects have been carried out by the y 
New York State Regents, and by the Midwest Program on y 
Airborne Television Instruction. Colleges have promised 
television teaching to overcome the cramped space. Boston 
University, Pennsylvania State University, Miami University, 
New York University, and Chicago are among the pioneers in 
this field. Chicago University allows the college students 
to take courses at home via television. 
l/Nationa1 Education Association of the United States, 
~epartment of Classroom Teachers, And T.V. 1 Tool, National Education Association, 1961, p. 11. 
g/Midwest Program on Airborne Television Instruction, Using 
T.V. in The Classroom, McGraw- Hill Book Company, Inc., 
N.Y., 1961, p. 62. 
y 
James Brown states, "In order to measure the effective-
ness of the program, the same biology course is taught 
both conventionally and on television. The television 
students do about 10% better in the course." 
"Education faces an hour of decision. Television 
is here. It is up to the educator to provide guidance 
and assistance necessary to bring its vast educational 
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y 
potential to fruition," remarks Kenneth Hass. Education 
tomorrow will be a wide departure from that of the y 
McGuffey's Reader days. According to Sposa, "Television 
networks expanding from city to state to national and even 
to international networks means international standards, 
language, hook-ups, and thinking in the very near future." 
As in 1942, the Armed Forces turned to television to ed-
ucate millions overnight in the art of modern warfare, so 
education will turn to television to help educate its 
millions of students. 
1/James w. Brown, Richard B. Lewis and Fred F. Harcleroad, 
Audio - Visual Materials and Methods, McGraw-Hill Book 
Company, Inc., N.Y., 1959, p. 236 - 234. 
g/Kenneth B. Hass and Harry Packer, The Preparation and Use 
of Audio-Visual Aids, 3rd Edition, Prentice-Hall, Inc., 
N. Y., 1955, p. 273. 
1/Louis A. Sposa, Television Primer of Production and Dir-
ection, McGraw-Hill Book Company, Inc., N.Y., 1947, 
p. 188. 
CHAPTER III 
LESSON PLANS FOR PRESENTING AND FOLLOWING-UP CERTAIN 
SELECTED TELEVISION PROGRAMS IN PHYSICAL SCIENCE FOR 
GRADE SIX AS PRESENTED BY WGBH CHANNEL 2 OF 
BOSTON, MASSACHUSETTS 
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PROGRAM I 
BUILDING BLOCKS OF MATTER I 
PROGRAM I 
BUILDING BLOCKS OF MATTER I 
Topical Outline 
I. Matter may take any one of three forms. 
A. A solid is matter that holds its shape without 
being confined in a container. 
Example: light bulb, scissors, plate, soap, or 
towel. 
B. A liquid is matter that can easily be poured and 
takes the shape of the container in which it is 
confined. 
Example: syrup, detergent soap, milk, or oil. 
c. A gas is a matter that is not easily seen, but 
can usually be heard if it escapes. Once it 
escapes it disappears into the surrounding air. 
It must be kept very tightly capped. 
Example: air, helium, or oxygen. 
II. Matter can be changed from one form to another without 
changing its basic properties. This is called a change 
of state. 
A. Application of heat will change matter from a solid 
to a liquid or from a liquid to a gas. 
Example: Ice to water or water to steam. 
B. Application of cold or removal of heat will change 
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matter from a gas to a liquid or from a liquid to 
a solid. 
Example: Steam to water or water to ice. 
III. Matter is anything that has weight and takes up space. 
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IV. Matter may also change state by expanding or contracting. 
A. Matter expands or grows larger when heat is applied. 
Heat causes the molecules -to move faster and thus, 
to take up more space. 
B. Matter contracts or grows smaller when heat is re-
moved. As the molecules cool, they do not vibrate 
as fast and therefore they do not require as much 
space. 
V. Some uses of physical change in the home. 
A. The electrician melts solder to make a joint. 
B. The candle wax melts in order to burn. 
c. Jello solidifies. 
D. Liquid sprays evaporate into the air. 
E. The matter in the thermometer expands and contracts. 
F. A jar cover may be loosened by heating. 
G. A cement sidewalk has cracks to allow for expan-
sion and contraction. 
Basic Understandings 
The following is a list of the basic understandings 
that each child should learn as the result of viewing 
program one and participating in the lessons suggested in 
this unit: 
1. Matter is anything that has weight and takes up 
space. 
2. All matter is found in one of three forms: solid, 
liquid, or gas. 
3. Matter which changes from one form to another 
without changing its basic properties is said to 
have changed its state. 
4. Solid is matter that will retain its shape without 
being held in a container: i.e. plate, fork, 
scissors. 
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5. Liquid is matter that can be easily poured and takes 
the shape of the container in which it is held: 
water, or oil. 
6. Gas is matter that is usually invisible and must be 
kept in a tightly-capped container. If it escapes 
it can usually be heard and it disappears into the 
surrounding air. 
1. Air is matter. It occupies space and has weight. 
8. Matter is said to melt when it changes its state 
from a solid to a liquid. 
9. Matter is said to evaporate when it changes its 
state from a liquid to a gas. 
10. Matter is said to condense when it changes its 
state from a gas to a liquid. 
11. Matter is said to freeze when it changes its state 
from a liquid to a solid. 
12. Matter expands when heat is applied; it contracts 
when heat is removed. 
23 
Pre-Television Lesson 
Before this lesson each child should be given a copy or 
the vocabulary list, the crossword puzzle and the crossword 
puzzle definitions. Each one should also have available a 
dictionary and a sharpened pencil. 
DIRECTIONS FOR THE TEACHER 
TEACHER: "our first television lesson in science is called 
BUILDING BLOCKS OF MATTER. (Write the title on the board.) 
What word must we look up if we are really to understand 
this program?" 
PUPIL: "Matter. 11 
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TEACHER: "As you look up the word matter in your diction-
aries, try to decide upon the meaning that will most likely 
apply to a science program." (Give children a chance to find 
the word in the dictionaries. Then be certain that in the 
discussion you, as the leader, bring out and stress the fact 
that matter is anything that occupies space and has weight.) 
"Now, let's see how quickly we can, in turn, name 
things in this room that are matter." (If air is not 
eventually mentioned, say: "There's still one very import-
ant matter in this room that no one has mentioned. We 
cannot see it, yet it is in this very room.") "What means 
of transportation depends upon the fact that air takes up 
space and is strong?" (This question should lead to a 
discussion or the importance or air in tires.) 
TEACHER: "You have been given a list of a few other words 
that we should know and understand. Let's find out all 
that we can that will help us to know and use the listed 
words." (At this point should follow a good discussion of 
the vocabulary words. When the children seem to understand 
the vocabulary words, they should put the lists into their 
science folders and take the crossword puzzle and the 
crossword puzzle definitions.) 
"Children, put your vocabulary lists away and take 
out your crossword puzzles. Complete this by thinking 
carefully of the words and the meanings that we have just 
finished discussing." 
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Vocabulary 
1. CHANGE OF STATE - to change the form of matter without 
changing its basic properties. 
2. CONDENSE - to change state from a gas to a liquid. 
3. CONTRACT - to grow smaller due to the removal of heat 
or to the application of cold. (This does not apply 
to water.) 
4. EVAPORATE - to change state from a liquid to a gas. 
5. EXPAND - to grow larger due to the application of heat. 
6. MATTER - any substance that has weight and occupies 
space. 
7. MOLECULE - the smallest particle of matter that is 
chemically the same as the whole. 
8. PHYSICAL CHANGE - the change in matter from a solid to 
a liquid, from a liquid to a gas, from a gas to a 
liquid, or from liquid to a solid without any changes in 
basic properties. 
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Crossword Puzzle 
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Crossword Puzzle 
Definitions 
1. The change from a liquid to a gas. 
2. A change in matter without any change in the basic 
properties. 
3. Changes from a liquid to a gas. 
4. Grows smaller due to the removal of heat. 
5. Anything that occupies space and has weight. 
6. A form of matter when the material will keep its shape 
without being in a container. 
7. A form of matter that can be easily poured. 
DOWN 
l. Changes from a gas to a liquid. 
2. Flows freely. 
3. Grows larger when heat is applied. 
4. Losing heat. 
5. The smallest particle of matter that is chemically 
the same as the whole. 
6. Room. 
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Post-Television Lesson 
MATERIALS NEEDED 
The following materials are needed to perform the exper-
iments suggested in the Teacher's Guide THE 21" CLASSROOM -
SCIENCE: 
A heating unit such as a 
Bunsen Burner 
Ice cubes 
Water 
Wax 
Salt 
A flask with colored 
water and capped with 
a one-hole stopper 
A container for heating 
water 
A glass plate or piece of 
glass 
2 ring stands 
About 12" of copper wire 
A weight to suspend from 
the wire (A jack-knife) 
A tonic bottle 
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A glass tube to fit hole 
in stopper 
A metal rod with balls 
attached a few inches 
apart 
A balloon - a Mickie Mouse 
balloon or an animated bal-
loon is even more interest-
ing than a regular balloon 
REVIEW 
1. John's mother peeled the potatoes~ put them into a 
pot~ filled the pan with water~ put it onto the 
stove, and turned the heat to high under the pot. 
"Now~ John, when the water starts to boil, turn 
the heat down to low~" instructed Mother. As John 
-
watched the water boil~ steam, and disappear, he 
thought of his science lesson on matter. The next 
thing he knew, Mother was shouting at him. "John, 
the water is gone from the potatoes and they have 
burned." Explain what happened to the water in 
potatoes. 
2. As lohn watched the potatoes, he noticed that there 
was water on the back of the stove near the 
steaming pot. Where did this water come from? 
3. The Nelsons bought a beautiful new camp. They en-
joyed it all summer, and then in the winter looked 
forward to a skating party. Finally the day came. 
The entire family went to camp. They knew the 
skating would be good because the temperature had 
not gone above freezing for over a week. While 
the children were skating Mother and Father opened 
the camp and started the fire. Soon the three very 
cold children came in to sit by the fire and warm 
their feet. "When Mother and I came in here the 
temperature was only 20 degrees, now it is 72 
degrees. The fireplace certainly heats fast", said 
Father. Just at that moment, the walls began to 
make a peculiar sound. Everyone looked toward the 
strange sound. What they saw was a surprise to all 
but Father. The wallpaper, strip by strip was 
coming off the wall. All looked to Father with 
puzzled looks. What happened to make the wallpaper 
come off? 
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4. Joan cleared the table for her mother. She stacked 
the glasses one inside of the other. When she got to 
the sink, the glasses were stuck fast together. 
Mother, seeing her problem, ran hot water over the 
outside glass. To Joan's astonishment, the glasses 
readily separated. Why did the glasses come apart 
so easily·for Mother? 
5. It was the day of the circus parade. Mike was very 
disappointed when he hopped out of bed, ran to the 
window, and discovered that it was raining. How-
ever a little rain wouldn't keep Mike home. Soon 
he was standing on the corner, watching the balloon 
man fill the balloons with gas. Just as the 
parade came, the sun came out. It became so hot 
that Mike removed his sweater. Then the strangest 
thing happened. One by one the balloons burst. 
Mike watched the balloon man quickly untie each 
balloon and let some of the gas out. After this 
no more balloons broke. Explain to Mike why. 
In discussions promoted by the above problem-solving 
situation, answers to the following questions should be 
covered: 
1. What are three of the common states of matter? 
Give an example of each. 
2. How may matter be changed from one state to 
another without changing its basic properties? 
3. What is matter? 
4. What is meant by expansion? Contraction? 
5. What happens to matter when expansion takes place? 
Contraction? 
6. List some physical changes that take place around 
the home. 
How does man use his knowledge of expansion and y 
contraction in building roads, bridges, etc.? 
EXPERIMENTS 
It is suggested that as many experiments as possible be 
conducted. These may be found in the Teacher's Guide on 
pages 7 and 8. For additional material consult the pupil 
textbook reference chart at the end of this unit. 
ENRICHMENT ACTIVITIES 
1. Make a chart or story with a flannelgraph picture 
explaining the water cycle. 
2. Make a weather station using simple homemade 
instruments; such as, an achohol thermometer, 
hygrometer, barometer, etc. 
3. Make and compare crystals. A chemical garden or 
rock candy are both interesting projects showing 
crystals. 
lJMassachusetts Committee for School Television, THE 21 11 
CLASSROOM - SCIENCE, WGBH - TV, Channel 2, Elementary Study 
Guide, 1959,. p. 7. 
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Answers to Problem Solving Stories 
1. As heat was applied, the liquid evaporated. That 
is, it changed from a liquid to a gas. 
2. As the steam came into contact with the cool stove 
it condensed. That is, it changed from a gas to a 
liquid. 
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3. The temperature changed from 20 degrees to 70 degrees 
in a very short time. The temperature of the paper 
on the walls changed too. The walls remained cold. 
As the paper warmed, it expanded. The plaster walls 
heated and expanded more slowly. Since the paper 
expanded so much raster than the walls, it became 
too large for the walls and fell orr. 
4. Running the hot water on the outside glass, heats 
the outside glass faster than the inside one. Since 
heat makes things expand or grow bigger, the outside 
glass expanded faster than the inside glass. Then 
it had room to separate. That is, the outside glass 
became larger and could slip apart. 
5. When the balloons were first blown up it was cold. 
As the sun came out the air warmed. The air in the 
balloon warmed, also. As this happened the air 
expanded or got bigger and needed more room. When 
the rubber stretched as far as it could# and the 
air just kept right on expanding, then the balloon 
burst. When the balloon man let out some of the 
air, he left room for the air to expand. 
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Pupil Evaluation 
BUILDING BLOCKS OF MATTER I 
In the following statements, several endings are given. 
On the lines provided at the right-hand side of the paper 
put the letter that is in front of ever"l. correct answer. 
1. A solid is a substance that 
A. is always hard. c 
B. is always soft. 
c. keeps its shape without being held in 
D. takes the shape of each new container 
it is put. 
2. Matter is 
A. everything that we handle. 
B. anything that has weight and 
takes up space. 
c. the power of the wind. 
D. the energy produced by a motor. 
3. Liquid 
A. is matter that usually takes the 
shape of its containe~. 
B. usually feels wet. 
c. is always very heavy. 
D. keeps its shape without a container. 
A 
8 
A 
8 
a container. 
into which 
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4. A gas 
A. can usually be seen. 
B. can easily be transferred from 
one container to another. 
C. disappears into the surrounding 
c. 
air when it escapes from its container. 
D. is always poison. 
5. When enough heat is applied 
A. solids get harder. 
B. solids melt. 
c. solids change to a liquid. 
D. solids change immediately to a gas. 
6. When heat is applied 
A. matter contracts. 
B. liquids change to solids. 
c. matter expands. 
D. liquids evaporate. 
7. When a physical change takes place 
A. there are no changes in form. 
B. there are new things added. 
C. something is removed. 
G 
c 
c 
D 
D 
D. there are no changes of the basic properties. 
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8. Expansion is caused by 
A. stretching. 
B. molecules getting larger. 
c. application of cold. 
D 
D. molecules moving more rapidly and thus needing 
more room. 
9. In the space below list as many examples of physical 
change as you can. 
38 
39 
" 
Pupil Textbook Reference 
PUBLISHER TITLE GRADE DATE PAGES 
American Book Company ABC Science Series 6 1961 109-168 
Ginn and Company Adventurin~ in 
Science 5 1961 24-43 
Learnin~ with 7 1961 271-322 
Science 
D.C. Heath and Science in Our 
Company World 5 1959 58-82 
J.B. Lippincott ExEloring Modern 
Company Science 7 1959 178-222 
Lyons and Carnahan Livin~ with Science 5 1960 6-11 
Charles Scribner's The Wonderworld of 
Sons Science Revisea 5 1957 95-104 
L.W. Singer Company Singer Science 44-48 
ExEeriments 5 1959 226-244 
Our Scientific 17-25 
Neeas 7 1956 27-34 
PROORAM II 
BUILDING BLOCKS OF MATTER II 
PROGRAM II 
BUILDING BLOCKS OF MATTER II 
Topical Outline 
I. Review. 
A. Matter may be a solid, liquid, or a gas. 
B. By application of heat matter may be changed from 
a solid to a liquid and from a liquid to a gas. 
c. By removal of heat matter may be changed from a 
gas to a liquid and from a liquid to a solid. 
D. The above physical changes do not change the basic 
properties. 
II. Chemical change described and explained. 
A. Description - chemical burned. 
B. Explanation. 
1. Part of material was turned into heat and light 
energy. 
2. Remainder will not burn. 
3. Basic properties have changed. 
4. Original material would burn. 
III. Elements. 
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A. Aristotle made the first attempt to break matter into 
smaller parts called elements. 
1. He listed four things as elements - earth, air, 
fire, and water. 
2. For 400 years people believed this theory. 
3. Today we know that: 
a. Earth and air are mixtures. 
b. Fire is energy. 
c. Water is a compound. 
B. Today we believe there are 92 natural elements. 
1. Each element has certain descriptions and 
properties that remain constant no matter how 
small the particle may be. 
2. 
For example: Iron is a hard, strong metal. 
(Description) 
Iron will rust and is magnetic. 
(Properties) 
Sulphur is a yellow, powdered 
metal. (Description) 
Sulphur will burn and will not 
mix with water. (Properties) 
Elements occur in the form of solid, liquid, or 
a gas. 
a. Sulphur, iron, gold, silver, and carbon are 
a few of the elements usually found in solid 
form. 
b. Mercury and bromine are usually found as 
liquids. 
c. Hydrogen, helium, nitrogen, and oxygen are 
a few of the elements found in gaseous form. 
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3. Man is and will continue to produce man-made 
elements. For example: synthetic fibers are 
man-made elements. 
IV. Difference between a mixture and a compound. 
A. A mixture is a combination of two or more elements 
with each element retaining its basic properties. 
To prove this the following experiments were done 
on the program: 
1. Mix iron filings and sulphur powder. 
2. Test iron filings with a magnet. 
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3. Test sulphur by dissolving in carbon di sulphide. 
4. This is a mixture because both elements retained 
their basic properties. The iron filings were 
attracted to the magnet and the sulphur was dis-
solved by the carbon di sulphate. 
B. A compound is the combination of two materials when 
the basic properties of the elements are lost. To 
prove this the following experiments were done: 
1. Mix iron filings and sulphur powder. 
2. Heat for a period of time. 
3. Test the iron filings with a magnet. 
4. Test sulphur by attempting to dissolve in carbon 
di sulphide. 
5. This is a compound since a chemical change has 
taken place and the basic properties are no 
longer present. 
V. Chemical changes in the home. 
A. Tarnish. 
1. Example: Egg darkens or tarnishes a spoon. 
2. Cause: Silver and sulphide combine to make 
a chemical change. 
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3. To counteract: Aluminum and baking soda makes 
aluminum sulphide. 
B. Ink. 
1. Chemical change combining iron, bark and coloring. 
2. To counteract: Ink remover - bleaches color by 
use of chemical change. 
c. Bleach - Chemical change to remove yellowing. 
D. Brown bottles - Used to prevent chemical change 
caused by light. 
E. Invisible ink. 
1. Lemon juice on paper. 
2. Heat causes chemical change. 
3. Result is visible brown. 
F. Cake and bread; Holes make it easier to chew and 
much lighter. 
1. Flour, baking soda and water combine. 
Carbon dioxide expands and evaporates leaving 
holes. 
2. Yeast, flour, and water: Same as above. 
VI. Review. 
A. Materials are identified by their basic properties. 
B. Basic properties tell how things will behave and 
the materials contained in a mixture. 
C. 92 natural elements form the compounds. 
D. Compounds take on new properties. 
E. New materials are the results of chemical changes. 
Examples of such chemical changes are plastics and 
man-made materials. 
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Basic Understandings 
1. An element is the simplest form of matter and is made up 
of only one kind of atom. 
2. Each element has certain descriptions and properties that 
remain constant no matter how small the particle may be. 
3. There are 92 known elements in the world today. 
4. A mixture is the combination of two or more elements with 
each element retaining its own basic properties. 
5. A compound is a combination of two or more elements with 
each original element losing its basic properties and 
the final material having an entirely new set of basic 
properties. 
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6. Matter can be broken down into molecules and each molecule 
will have the same basic properties as the original matter. 
7. Molecules can be broken down into atoms but their 
characteristics will be entirely different from molecules 
from which they come. 
8. Elements occur in the form of solid, liquid, or gas. 
9. Synthetic fibers are man-made elements. 
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Pre-Television Lesson 
Before this lesson each child should be given a copy or 
the Vocabulary and the Vocabulary Check-Up. Each child should 
also have a dictionary and a science book for reference. 
Pencils should be sharpened and ready. 
Before starting the new work, the teacher should conduct 
a brief review of the basic understandings of Unit I. This 
second program is a direct follow-up of the first program 
and cannot be successfully understood without a thorough but 
brief review. 
DIRECTIONS FOR THE TEACHER 
TEACHER: "We have learned that matter takes part in physical 
changes. Today we are going to learn how matter takes part in 
chemical changes. Chemical changes are occurring all the 
time right around us. Have you ever written a secret message 
with invisible ink? That's something that most of us have 
had run doing at some time or other. But, did you really 
know that when you applied the heat to make the writing 
appear, you really were causing a chemical change to take 
place? Now before viewing the program and learning about 
other interesting chemical changes, it will be helpful to 
learn the vocabulary. Please, take your vocabulary lists. 
(At this point read together and discuss briefly the vocabu-
lary material. Then say:) 
Now let's see if we can do the vocabulary check sheet to-
gether. Do not mark your paper at this time. (Do orally the 
check-up.) We're now ready to watch the program Building 
Blocks of Matter II. Try to think as you view this pro-
gram of all the chemical changes that occur in your daily 
life. 
"Put your vocabulary and your vocabulary check-up 
sheets into your science folders." 
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1. 
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Vocabulary 
y 
ATOM - An atom is the smallest particle that can take 
part in a chemical change. Atoms combine to form y 
molecules. 
2. CHARACTERISTICS ( PROPERTIES) - Those things that are 
always true of an element or a compound; i.e., 
iron will rust; sulphur will not mix with water. 
3. CHEMICAL CHANGE - A chemical change causes the substance 
to change into something entirely different. The 
new material will have different properties than y 
4. 
the original. 
COMPOUND - A combination of two or more elements having 
a new set of characteristics entirely different 
from the properties of the original elements. 
l/Massachusetts Committee for School Television, THE 21" 
CLASSROOM - SCIENCE, WGBH - TV, Channel 2, Elementary Study 
Guide, 1959, p. 12. 
2/George w. Frazier and Helen D. MacCracken and Donald G. 
Decker, Singer Science Problems, The L. w. Singer Co., Inc. 
Syracuse, N:Y., 1959, p. 271. 
3/Herman and Nina Schneider, Science Today and Tomorrow, 
D. c. Heath and Co., 1959, p. 109 - 111. 
5. ELEMENT - An element is the simplest kind of matter. 
It is made up of only one kind of atom; i.e. 1 
oxygen1 iron1 iodine 1 and uranium. There are 
about 100 known elements; 92 of which are nat-
ural elements. The rest are man-made; such 
as nylon. 
y 
6. MIXTURE - A mixture is a combination of two or more 
elements when each part retains its original 
characteristics. 
7. MOLECULE - A molecule is the smallest part into which 
substance can be divided and retain the same 
characteristics as the mass. 
8. PROPERTIES - (See CHARACTERISTICS). 
i/Ibld. 1 p. 101. 
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Vocabulary Check 
Match the Lists 
DIRECTIONS Read carefully both lists. The groups of words 
in column B should suggest to you a word from column A. 
In the blank before the words in column B, put the number 
of the word you choose in column A. 
COLUMN A 
1. Atom 
2. Characteristic 
3. Chemical change 
4. Compound 
5. Mixture 
6. Element 
7. Molecule 
8. Physical change 
COLUMN B 
~ Iron will rust. 
~ Egg will tarnish silver. 
~ Hydrogen and oxygen make 
water. 
_L_ Electrons, protons, and 
neutrons are balanced. 
~ Iron filings and sulphur 
are combined. However, a 
magnet will remove the 
iron filings. 
~ Hydrogen • 
...£:__Ice melts. 
7 Many atoms have been com-
- bined. 
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Post-Television Lesson 
MATERIALS NEEDED 
Test Tube 
Iron Filings 
Magnet 
Vinegar 
A glass 
A match 
Sulphur powder 
Heating unit 
Sugar 
Copper wire 
About 12" 
Steel wool in a 
bottle or jar 
Baking Soda 
REVIEW 
Suggested problem solving situations for discussion: 
1. Mary and Jean were doing the breakfast dishes. 
Mary's job was washing. "I wish we never had to 
have egg for breakfast. Look at this spoon. It•s 
all dark and I can't get it clean," she complained 
to Jean. Jean laughed. "I'll take care of the 
silverware for you this morning. Where is the 
baking soda and an aluminum pan?" 
What caused the black on the silverware? What was 
Jean going to do with the baking soda and the 
aluminum pan? 
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2. At a meeting of the "One for All and All for One" 
Club, it was decided to keep all their activities 
secret. One member suggested that all their corres-
pondence be done in lemon juice. This sounded very 
silly to Jean, the youngest club member. However, 
it was real exciting when she found that this was 
really invisible ink. No one could read any of 
their letters without first heating the paper. 
When Jean thought about it, she wondered why the 
writing appeared when the paper was heated. How 
would you explain this to her? 
3. Nancy was making a cake for her mother. She read 
the directions very carefully and did just as it 
said. That is, she thought that she did. But the 
one thing that she omitted was the baking soda. 
When she took the cake from the oven, she was very 
disappointed. It was flat and soggy. Why didn't 
her cake rise? 
4. Mother and Blanche were doing the family shopping. 
This was a really good treat. "Blanche, you get 
the salad oil, vinegar, and fruit juice. I'll 
get the other things." This made Blanche feel 
very important. She could pick out any brand that 
she wanted. When she came to the oil, she picked 
out the kind in a brown bottle. Why was this a 
wise choice? 
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5. Lynn was doing ~he washing. She had often seen her 
mother use bleach. She put the clothes into the 
machine, filled the machine with water, and care-
fully put in the bleach. When she took the clothes 
out of the machine, she was very pleased to see 
a beautiful white wash. Why was it very impor-
tant that she put the water into the machine 
first? Why were the clothes whiter than they 
would be if Lynn had not used bleach? 
The discussion of the above problem-solving situations 
should include answers to the following questions: 
1. What is the difference between a chemical change 
and a physical change? 
2. What is the difference between a mixture and a 
compound? 
3. What are some of the chemical changes that take 
place in your home? 
Also, the following should be discussed: 
4. What did Aristotle contribute to the knowledge of 
chemical change? 
5. How does our knowledge today differ from that of 
Aristotle? 
EXPERIMENTS 
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It is suggested that as many experiments as possible be 
conducted to make the children more fully aware of the 
difference between physical and chemical change. Consult 
the Teacher's Guide on page 11 and 12. For additional 
material, consult the pupil textbook references on page59 
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of this paper. 
ENRICHMENT ACTIVITIES 
1. Make a study and report to the class on the chemical 
changes th~t take place in the digestive system of 
the body. 
2. Find out all that you can about photosynthesis. 
3. Choose one or more synthetic fibers. Find out from 
what it is made and how.· 
4. Find all you can about Aristotle and his theory of 
the elements. Report back to the class. 
5. Make a list of as many of the 92 natural elements 
as you can find. 
Answers to Problem Solving Stories 
1. The egg combined with the silver to cause tarnish. 
Silver and sulphide combined to make a chemical 
change. 
The aluminum and baking soda make aluminum sulphide. 
Thus, the sulphide is combined with the aluminum 
and leaves the silver. 
2. Heat applied to lemon juice causes a chemical 
change and the juice becomes brown. 
3. Baking soda and water combine. When heated carbon 
dioxide expands and evaporates. The holes thus 
caused by a chemical change make the cake light 
and fluffy. 
4. It is wise to chose a brown bottle, since light 
often causes a chemical change. The light rays 
do not penetrate and the oil remains fresh. 
5. The bleach reacts chemically and removes color. 
If water is not used to dilute the bleach, the 
clothing will be white wherever the bleach touches. 
PART I 
Pupil Evaluation 
BUILDING BLOCKS OF MATTER II 
Take from your science notebook the vocabulary 
check. Write in the answers. 
PART II - In the following statements several endings are 
given. On the lines provided at the right-hand side of the 
paper put the letter that is in front of every correct 
answer. 
1. When two elements are mixed and heat is applied, a 
chemical change takes place if 
A. The basic properties change. 
_A__ 
B. The colors change. 
C. A magnet can remove the iron filings. 
D. The basic properties remain the same. 
2. Aristotle listed only elements. 
A. 3 _a_ 
B. 4 
c. 5 
D. 6 
3. Aristotle listed earth as an element. However, 
today we know that earth is really a 
A. physical change. 
B. chemical change. 
c. compound. 
D. mixture. 
_n__ 
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4. An element is recognized by its description and 
properties 
A. which never change. 
B. which are true of even its 
smallest particles. ~-
C. which show how the element will behave 
in the presence of other chemicals. 
D. which are always two in number. 
5. Elements occur in the form of 
A. solids. 
B. spheres. 
C. liquids. 
D. gases. 
6. A mixture is a combination of two or more elements 
A. with a new set of properties. ~ ____ 
B. with each element retaining 
its own basic properties. 
c. with only one of the elements 
retaining its basic properties. 
D. with each element keeping its own basic 
properties but also having some new 
characteristics. 
7. List below as many examples of chemical change as 
you can think of. 
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Pupil Textbook Reference 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn & Bacon Explorin6 Science 5 1960 71-92 
ExEloring Science 6 1960 24-25 
Ginn and Company Adventuring in 
Science 5 1961 110-127 
E~erimenting in 
cience 6 1955 197 
Heath and Company Science for Toda~ 
and Tomorrow 6 1955 95-137 
J.B. Lippincott Science Throu6h 
56-92 Company the Seasons 5 1956 
Lyons and Carnahan Livinei with Science 5 1960 12-17 
Macmillan and Science,z Health, 
Company and Safety 5 1959 78-85 
" 
Rand McNally Company Far and Wide 5 1955 
Charles Scribner's Wonderworld of 
Sons Science Revised 5 1957 78-94 
L.W. Singer Company SinSjer Science 
ExEeriments 5 1959 49-55 
Sineier Science 
Problems 6 1956 14-20 
John c. Winston The New Discovering 
Company Why 5 1957 117-160 
PROGRAM III 
THE OCEAN OF AIR I 
PROGRAM III 
THE OCEAN OF AIR I 
Topical Outline 
I. Atmosphere is the air surrounding the earth. 
II. Air is matter. 
A. Matter takes up space. 
1. Air takes up space. 
2. To prove:this, these activities were shown: 
a. Put paper towels in a jar and invert jar 
in water. The towels remain dry because 
the air keeps the water out. 
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b. Place corks in a glass of water and invert 
in water. Pump air into the inverted glass. 
Air fills the jar and the corks float on 
the water. 
B. Matter has weight and exerts pressure. 
1. Air has weight and exerts pressure. 
2. To prove:this, these activities were shown: 
a. Punch a small hole in a fruit juice can and 
invert. Nothing comes out because the air 
on the outside is exerting pressure to keep 
the juice in. 
b. Punch a second hole and tip slightly. The 
juice will now come out since the air is ex-
erting pressure and forcing it out. 
III. REVIEW. 
c. Water pumps: 
(1.) Water got into an old mine. People 
discovered that by using air pressure 
the water could be lifted 34 feet. 
(2.) Torticelli was the one who discovered 
that air pressure would lift 34 feet 
of water or hold up a 29 inch tube of 
mercury. 
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(3.) Arithmetic has shown that the air 
pressure is 15 pounds per square inch. 
d. Magdeburg Hemispheres. 
Two hemispheres were clamped together and 
the air pumped out. They were then un-
clamped~ but air pressure on the outside 
prevented their separation even when pulled 
by great force. 
e. Medicine dropper or fountain pen~ or syphon. 
Air is forced out. Then the outside air 
pressure forces the liquid in. 
A. Air is matter because it occupies space and has 
weight. 
B. Air exerts pressure. 
c. This pressure is 15 pounds to the square inch. 
~ 
Basic Understandings 
The basic understandings to be covered in this unit 
are as follows: 
1. Air is matter. 
2. Air exerts pressure and has weight. 
3. Air takes up space. 
4. Atmosphere is the air surrounding the earth. 
5. Air will hold up a 34 foot column of water or a 
29 inch tube of mercury. 
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6. Air exerts a pressure of 15 pounds per square inch 
at the earth's surface. 
7. 
8. 
9. 
10. 
11. 
Air will fill any available space. 
Water flows through a siphon because air pressure 
and gravity give it the necessary push. 
Air pressure is measured by a barometer. 
Wind is air in motion. 
Convection of currents is caused by cooler air com-
ing down and pushing the warmer air upward. 
1/Massachusetts Committee for School Television, THE 21" 
~LASSROOM - SCIENCE, WGBH - TV Channel 2, Elementary Study 
Guide, 1959c, p. 14 - 15. 
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Pre-Television Lesson 
Before starting this lesson each child should be given 
a copy of the vocabulary sheet and the vocabulary-check 
sheet. Also, each child should be certain that his pencil 
is ready for work, and that his dictionary and science 
reference books are accessible. 
DIRECTIONS FOR THE TEACHER 
TEACHER: "Today, as I rode to school in my automobile, I 
began to think about what was really holding me up. What 
do you think held me up?" (There will be a variety of 
answers. Accept only a few and then continue.) "I was in 
my automobile but I was really riding on air. Can you explain 
this?" 
PUPIL: "The air in the tires was really holding up the 
whole automobile as well as you." 
TEACHER: "Yes, air must be very strong to hold up such a 
heavy machine. About the time of the landing of the Pil-
grims a man by the name of Otto von Guericke proved that air 
pressure was as strong as the power of sixteen horses. He 
took two copper hemispheres and clamped them together. Then 
he pumped out the air to create a vacuum. The hemispheres 
were attached to two teams of eight horses. They could not 
pull the hemispheres apart. When air was allowed back into 
them, the hemispheres just fell apart. Since that time, 
hemispheres such as these have been used to prove the strength 
of air pressure. They are called the Magdeburg Hemispheres 
after the little town in which von Guericke lived and 
worked. 
"Now let's look at the vocabulary list that you have. 
The words on this list will help you to better understand 
the next program." (At this point the teacher should con-
duct a discussion of the vocabulary words. After all 
words have been thoroughly discussed, the children should 
put away the lists and take the vocabulary story.) 
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"Boys and girls, please put your lists into your 
science folders. Take your vocabulary story and your pens. 
Fill in the blanks with the correct word. The words to put 
into the blanks are at the top of the page. Be careful to 
spell every word correctly. Work quickly and carefully. 
When you are finished, re-read your story to make certain 
that you have filled the blanks to make a sensible story." 
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Vocabulary 
1. AIR PRESSURE - the pressure exerted by the weight of air 
pressing in all directions on any object. 
2. ALTITUDE - the perpendicular height from the ocean 
level to a given place in space. 
3. ATMOSPHERE - the blanket of air surrounding the earth. 
4. BAROMETER - an instrument for measuring air pressure. 
5. CONVECTION - the flow of air caused by cool air coming 
down and pushing the warmer air upward. 
6. HUMIDTY - the amount of moisture in the air. 
7. IONOSPHERE - the layer of the atmosphere farthest away 
from the earth where the air is very thin. "It reflects 
radio waves and therefore exerts a great influence on 
the propagation of radio signals." .v 
8. MAGDEBURG HEMISPHERE - two hemispheres clamped together. 
When the air was syponed out, the hemisphere could not 
be separated. When air was put back in, they fell apart. 
9. SIPHON - a bent pipe used for drawing liquid from a 
higher to a lower level. 
10. STRATOSPHERE - that part of the atmosphere, above seven 
miles, in which no clouds form and temperature remains y 
almost stationary. 
yunicorn Publishers, Inc., "Ionosphere," Volume 13, p. 4691, 
The Universal Standard Encyclopedia, N.Y., 1955. 
g/Joseph Devlin (Editor), Webster's Giant Illustrated Diction-
ary, The World Publishing Company, New York, 1942, p. 512. 
11. TORRICELLI - the man who discovered that air pressure 
will lift 34 feet of water or hold up a 29 inch column 
of mercury. 
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12. TROPOSPHERE - the part or the atmosphere nearest to the 
earth where clouds form and temperatures quickly rise 
and fall. 
13. VACUUM - a space where there is lack of air. 
A Trip to the Weather Station 
Vocabulary Story 
From the following list of words, choose the best 
word to fill each blank in the story. Be sure that when 
you have finished you re-read your work to make sure that 
you have made a sensible story. 
Air pressure 
Altitudes 
Atmosphere 
Barometer 
Convection 
Humidity 
Ionosphere 
Magdeburg Hemispheres 
Vacuum 
Siphon 
Stratosphere 
Torricelli 
Troposphere 
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John was very excited. Today was the day of the class 
trip to the weather station. As he hurried through break-
fast, he tried to remember all the big words that they he 
had learned in science class. At the weather station he 
was very pleased to find that he could understand what the 
guide was telling the class because he had studied his 
vocabulary words. 
"Our earth is enveloped in a blanket of air called the 
__ .... (_a_t_m_o_s~p_h_e_r_e"") ___ ," the guide explained. "Everywhere 
and on everything, the air pushes down and causes (air 
_ _..p.;;;.r.;;;.e.;;;.s.;;;.s...;;u;.;;;.r.;;;.e..L) __ • This is measured here at the weather 
station with an instrument called a --~(_b_a_r_o_m_e_t_e_r"") ____ _ 
--~(_T~o_r_r~i_c_e~l~l~i~) _____ was the man who discovered that air 
would hold up a 29 inch column of mercury and thus made 
the first instrument of this kind. 
"It is also necessary to measure the amount of moisture 
or -~< h;;.::.u.;.;;.m.;.;.;i;::.;d;.;.;i~t;;..¥y:....£) __ in the air. When the _,.( _co-'-n-'-v"'-e.;...c.;...t;..;;i;;...;o;..;;n;.,~.) __ 
of currents brings warm moist air into contact with cooler 
air we can expect rain or snow. 
"We have found that in (altitudes) up to seven 
miles from the earth this moisture in the air is likely to 
form clouds. This part of the atmosphere is called the 
(troposphere) • The new jets find it easier to fly in 
the (stratosphere) which is above this seven miles. 
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Here there are no clouds or quick changes in temperature. 
The rockets go even beyond this. They go into a part of the 
atmosphere called the (ionosphere} Here the air is very 
thin. In fact, there isn't enough oxygen to run an engine. 
Therefore, only rockets can t'ly here." 
At this point John noticed two hemispheres on the table. 
Being a naturally curious boy, he couldn't resist asking 
what they were for. 
"Those are (Magdeburg Hemispheres} used to demon-
strate the great power of the air. If we clamp them together 
and pump out the air until we have a (vacuum) , even 
though we unclamp them and hitch them to two teams of horses 
they will not come apart. But if we allow air to get back 
inside, then they will just fall apart." 
John wished there was more time to try this, but all 
good things must end. It was now time to leave. He thanked 
the guide, reviewed his questions to ask his teacher later 
and boarded the bus for home. 
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Post-Television Lesson 
MATERIALS NEEDED 
The following is a list of materials needed to carry out 
the suggested experiments in the Teacher's Guide THE 21" 
CLASSROOM - SCIENCE. 
A paper bag 
Scissors 
A candle and match 
Cleansing tissue 
Water glasses (2) 
REVIEW 
A siphon 
Crayons for each child 
to be used in the Pupil 
Evaluation. 
Pan of water 
1. As Mary watered her plants, she noticed bubbles 
coming out of the dirt. She ran to the kitchen 
" calling, "Mother, Mother, the dirt is bubbling. 
When I watered my plants big bubbles came out of 
the ground." If you were Mary's mother, how would 
you explain the bubbles to Mary? 
2. As John flew his kite, he watched soar into the air 
and stay far above the treetops. He began to think, 
"When I hold my kite by my side and then let go, 
it will drop to the ground. Now why when I run does 
it go up into .. the air and stay?" In school the 
next day, John's thoughts returned to his kite. 
Miss Valentine noticed the perplexed look on John's 
face and asked if she could help. John asked the 
question that had been puzzling him. "How does my 
kite get into the air and what makes it stay up 
there?" 
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3. As Mike poured the milk from the bottle~ he tipped 
the bottle so far that no air could easily get in. 
The milk spattered and splashed. His older brother~ 
Jim~ had just studied about air. He noticed the 
problem that Mike was having. "Mike~ when you pour 
from the bottle don't tip it so far." Why did 
Jim give Mike this advice? 
4. Joe thought that he'd be different, so instead of 
opening his milk carton in the proper way~ he forced 
his straw through a very small hole. To his 
amazement~ he found that the milk would not come 
through the straw. At first he thought that it 
was his imagination. He tried again. No milk! 
So, he opened the carton correctly. Now the milk 
came through the straw easily. In science class 
during a discussion of air pressure~ Joe thought of 
his milk not coming through the straw and suddenly 
realized why he could not get the milk. What 
discovery did Joe make? 
5. Jeanne watched her mother fill the medicine dropper 
with eye drops. It looked like fun. So she asked 
if she could have one to use to put drops into her 
doll~ eyes. She dipped the dropper into the water 
but the tube didn't fill up. She ran to her older 
sister and asked the natural child's question, 
"Why?" If you were Jeanne's sister how would 
you explain it to her? 
72 
The discussion of the above problem-solving situations, 
should lead to answers for the following questions. 
1. What is the scientific principle that causes the 
following appliances to work: medicine dropper, 
soda straw, fountain pen, and siphon? 
2. Prove that air exerts pressure. 
3. Explain how an airplane flies. 
4. What can you do to prove that air takes up space? 
5. Name as many things as you can that work because 
air occupies space and exerts pressure. 
EXPERIMENTS 
The experiments for air pressure are often very simple. 
Thus, many of them can be successfully carried out by 
individual children, partners, or teams. For suggested 
experiments see the Teacher's Guide pages 15 and 16 or the 
pupil textbook references listed on page 79 of this paper. 
ENRICHMENT ACTIVITIES 
1. Look up and make a report on the Magdeburg Hemis-
pheres. 
2. Look up and make a report on Torrocelli. 
3. Put either or both of the above reports into play 
form. 
4. Find and demonstrate to the class any additional 
experiments to prove that air has weight or that 
it occupies space. 
5. Find out in what way winds, convections, currents, 
and pressure effect our weather. 
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Answers to Problem-Solving Stories 
1. There is air everywhere even in the ground or 
dirt. When water is poured into the dirt it 
took the place of the air. The air had to go 
somewhere 1 so it bubbled right out of the ground. 
2. Air is very forceful and real. When you run1 
the air pushes against the kite and pushes it 
up into the air. The air will hold it up there 
until it is pulled down. 
3. As the milk comes out something must go in to 
fill the empty space. Air will push in and do 
this. If the air is allowed in the milk will 
~ pour out smoothly. 
4. When the straw was forced into the small hole 1 
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there was no room for air to get into the carton. 
When the carton was opened the air could get in 
and take place of the milk. Therefore 1 you could 
suck through the straw more easily. In the first 
case you created a vacuum in the straw and then 
there was no air to force the milk into the straw. 
When the hole was opened 1 air went in and its 
force of fifteen pounds per square inch pushed 
milk into the straw. 
5. The rubber end must be squeezed and released to 
force the air out and then create a partial vacuum. 
~ The air pressure on the outside will force the 
liquid into this vacuum. 
Pupil Evaluation 
THE OCEAN OF AIR I 
HELP PAINT OUR BALLOON 
75 
Scientists are making a study of color as seen through 
the atmosphere. OUr balloon will have spots of various 
colors for their study. Please take out your crayons. 
Clues for coloring the balloons are found below. Be sure 
that you color the entire space containing the chosen word. 
1. Color red the word that best defines air. 
2. When you siphon air from a can# the can collapses. 
This proves that air exerts Color 
orange the word that best fills this blank. 
3. Color yellow the word meaning the blanket of air 
surrounding the earth. 
4. Color green the name given to the part of the 
atmosphere that is nearest to the earth. 
5. Color blue the part of the atmosphere in which no 
clouds form. This is about seven miles above the 
earth. 
6. Color purple the part of the atmosphere that is 
very important to the sending of radio messages. 
1. Color red the name of the weather instrument we 
now use that is based on Torricelli 1 s discovery. 
8. Color orange the amount of air pressure that is 
pressing on every square inch of your body. 
9. A siphon is able to raise water from a lower 
level to a higher level due to the forces of 
air pressure and • Color yellow the 
word that best fills this blank. 
10. Color green the word that means the amount of 
moisture in the air. 
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HELP PAINT OUR BALLOON 77 
The Ocean of. 
Air I 
Key to 78 
HELP PAINT OUR BALLOON 
Air I 
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Pupil Textbook References 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn &: Bacon Explorin~ Science 5 1960 
Explori!!S Science 6 1960 251-276 
Our Environment-
Its Relation to Us 7 1960 1-52 
American Book Company ABC Science Series 5 1961 269-327 
Beckley-Cardy Let•s Discover More 6 1957 133-162 
Ginn and Company Learning with 17-22 
Science 7 1961 87-108 
Heath and Company Science in Our 
World 5 1959 309-333 
Science for Toda~ 
and Tomorrow 6 1955 285-324 
J.B. Lippincott Science Through 
" 
the Seasons 5 1956 137-164 
Science Beneath 
the Skies 6 1956 125-150 
E~loring Modern 
cience 7 1959 14-43 
Lyons and Carnahan Living with Science 5 1960 174-209 
Macmillan and Company Science, Health, 
and Safety 6 1959 19-23 
Rand McNally Company Far and Wide 5 1955 
Your Science World 6 1955 65-70 
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Pupil Textbook References (Continued) 
PUBLISHER TITLE GRADE DATE PAGES 
Charles Scribner's Wonderworld of 
Sons Science 5 1957 105-177 
Wonderworld of 
Science 6 1957 43-82 
Wonderworld of 
Science 7 1957 7-44 
L.W. Singer Company Singer Science 
Experiments 5 1959 93-138 
Singer Science 
Proo1ems 6 1956 30-46 
OUr Scientific 
Needs 7 1956 94-102 
228-329 
PROGRAM IV 
OCEAN OF AIR II 
PRDGRAM IV 
THE OCEAN OF AIR II 
Topical Outline 
I. Review: Matter may be in one of three forms. 
A. Solid: the molecules are close and therefore the 
matter keeps its shape. 
82 
B. Liquid: the molecules are slightly apart and there-
fore the matter flows freely. 
c. Gas: molecules are far apart and therefore the 
matter must be kept confined by something like a 
bottle. 
II. Air is matter in a gaseous form. 
A. Air will fill any available space. 
B. Activity demonstration on television program. 
1. Place a balloon in a jar. Attach a vacuum 
pump and pump the air from the bottle. The 
balloon will expand as the molecules of air 
attempt to fill the space. 
2. Allow the air back into the jar. The balloon 
will contract to original size. 
3. Now pump additional air into the jar. The 
balloon will contract. If you continue to add 
air, the stopper will blow off. The molecules 
can be pressed and squeezed together only to 
a certain extent. 
III. Air is a mixture of gases. Each retains its own basic 
properties. 
A. Oxygen, nitrogen and carbon dioxide make up the 
largest part of the air. 
1. Oxygen helps things burn. 
2. Nitrogen will not burn in the presence of 
carbon dioxide. "Nitrogen occurs in many of 
the protein foods which are so important to 
.v 
nutrition." 
3. Carbon dioxide is exhaled by all living humans 
and animals. 
B. "Hydrogen, helium, argon, xenon, and neon, as 
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well as extremely small amounts of the poisonous 
gases: ammonia, carbon monoxide, and nitrous oxide" y 
occur in the air in small amounts. 
~astern Massachusetts Council for School Television, THE 
21 11 CLASSROOM SCIENCE STUDY GUIDE, 1959, p. 18. 
gjibid., p. 19. 
IV. Review. 
A. Air is matter in a gaseous form. 
B. Oxygen is one of the important components of air. 
1. It is essential to all living things. 
2. It helps things to burn. 
c. Nitrogen is a second important part of air. 
D. Carbon dioxide is the third gas found in air in 
large amounts. 
E. All gases in the air retain their properties and 
therefore air is a mixture. 
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Basic Understandings 
The following understandings should be included in the 
discussions for this program on air: 
1. Air is matter in gaseous form. 
2. Air is a mixture of many gases. Each gas retains 
its properties. 
3. Oxygen, nitrogen, and carbon dioxide make up the 
bulk of the air. 
4. Hydrogen, helium, argon, xenon, and neon, ammonia, 
carbon monoxide, and nitrous oxide also appear in 
the air in small quantities. 
5. Oxygen is one of the most important components of 
air because it is essential to all living things 
and it helps things to burn. 
6. Nitrogen is the second important part of the air. 
It occurs in many protein foods which are so im-
portant to nutrition. It is 4/5 of the air. 
7. Carbon dioxide is the third gas found in the air 
in a large quantity. It is exhaled by humans and 
animals. 
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8. Water vapor, pollen, bacteria, soot, spores, 
volcanic ash, salt, and dust are also found in 
the air. 
y 
9. One of the balances of nature is the fact that 
living creatures use oxygen and discard carbon 
dioxide while green plants use carbon dioxide 
and discard oxygen. 
l}Massachusetts Committee for School Television, THE 2ln 
~LASSROOM - SCIENCE, WBGH - TV, Channel 2, Elementary Study 
Guide, l959c, p. 19. 
Pre-Television Lesson 
Before starting this lesson be sure that each child 
has a copy of the vocabulary words and the vocabulary check 
sheet, a sharpened pencil, a dictionary, and a science 
reference book. 
DIRECTIONS FOR THE TEACHER 
TEACHER: uChildren, stand. Inhale. Exhale. Inhale. 
Exhale. You may be seated. As you inhaled you used up a 
gas from the air. Then you exhaled and put a gas back into 
the air. Who can tell me what we inhaled and what we 
exhaled?" 
PUPIL: "We inhale oxygen and exhale carbon dioxide." 
TEACHER: "I'm sure that everyone could have answered that 
question correctly. But I wonder how many could name other 
gases also found in the air?" 
At this point give children a chance to answer if they 
are able to do so. However, do not waste too much time 
soliciting answers as they are given in the television and 
the post television lessons. 
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TEACHER: "Yes, there are many gases in the air. Some of 
them are in such minute quantities that it is almost impossi-
ble to detect them. Please, take your vocabulary lists. 
Here we have listed many of the gases of the air. Let's 
take a few minutes to find them and their pronunciation. 
Then, when we hear them on the television program, we'll 
understand what they are saying." 
Discuss these words with the class. Then, go on to 
discuss the remainder of the vocabulary words. 
TEACHER: uwe seem to understand these words, so put the 
vocabulary lists into your spelling notebooks. Take the 
vocabulary check sheets and quickly fill in the blanks." 
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Vocabulary 
The three gases that make up the bulk of the air are: 
1. OXYGEN - A gas necessary to all living things and 
that aids burning. 
2. NITROGEN - A component of the air which occurs in 
protein food and is very important to nutrition. 
3. CARBON DIOXIDE - A compound found in the air. It 
is used in the process of photosynthesis by green 
plants. 
Gases found in smaller amounts in the air are: 
1. AMMONIA - A mixture of hydrogen and nitrogen used 
in medicine and for cleaning. 
2. ARGON - A gas from the vapors of hot springs found 
in very minute quantities in the air. 
3. CARBON MONOXIDE - An extremely poisonous gas. 
4. HELIUM - One of the very light gases used in 
floating balloons. 
5. HYDROGEN - Another very light gas. In compressed 
form it becomes a liquid used as fuel in rockets. 
6. NEON - A gas used for lighting. 
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7. NITROUS OXIDE - A combination of nitrogen and oxygen. 
8. WATER VAPOR - The gas formed by applying heat to 
water. 
9. ZENON - A gas often found with argon in the vapors 
of hot springs. 
Vocabulary (Continued) 
Other words related to the study of air: 
1. COMBUSTION - The act of burning which combines 
and in-flammable substance with oxygen. 
2. COMPRESSION - The state of matter when it is 
forced into a space smaller than that which it 
normally would occupy. 
3. INACTIVE or INERT - Not moving. 
4. MOISTURE - Wetness. 
5. OXIDATION - The combing of oxygen with an element 
to form an oxide. 
6. OXIDE - The matter resulting from the combination 
of oxygen and another element. 
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Vocabulary Check 
In the following exercises, fill in the blanks using 
words from this list: 
ammonia 
argon 
carbon dioxide 
carbon monoxide 
combustion 
compression 
We learned in science 
today that three gases 
make up the bulk of the 
air. They are _____ , 
-----------' and -------
helium 
hydrogen 
inactive 
moisture 
neon 
nitrogen 
Hurry! The house is 
burning. 
is taking place. 
G 
nitrous oxide 
oxidation 
oxide 
oxygen 
water vapor 
xenon 
Some of the other gases in 
air are 
-----------'--------' 
----------'--------'---------' 
--------------'-------------' 
-----------------------· 
Look at the spots c:£ 
rust on my wagon~ 
has taken 
-p~l-a_c_e __ a_n~d--c~a-used iron 
to form 
--------
·. 
•. 
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Answer Key 
to 
Vocabulary Check 
In the following exercises, fill in the blanks using 
words from this list: 
ammonia 
argon 
carbon dioxide 
carbon monoxide 
combustion 
compression 
We learned in science 
today that three gases 
make up the bulk of the 
air. They are ox en , 
(nitrogen), and carbon 
dioxide.) 
' Hurry! The house is 
burning. (Combustionj 
is taking place. 
helium 
hydrogen 
inactive 
moisture 
neon 
nitrogen 
nitrous oxide 
oxidation 
oxide 
oxygen 
water vapor 
xenon 
Some of the other gases in 
air are (hydrogen, helium,) {argon, neon, ammonia,) 
(carbon monoxide, xenon, 
and (nitrous oxide.) 
Look at the spots of 
rust on my wagon! 
{oxidation) has taken 
place and caused iron 
(oxide) to form. 
Post-Television Lesson 
MATERIALS NEEDED: 
Compasses 
Oral thermometer 
Nails 
Large jar of water 
Deep pan 
Tube at least 2 1 
Glass of water 4 glasses of various sizes 
Grease 4 candles 
Paint (Any kind of enamel) Matches to light candles 
REVIEW 
1. Jerry was horrified to see the waste paper basket 
burst into flame. His mother saw it at the very 
same time. She got an old rug and covered the 
flames. They quickly went out. Jerry was amazed. 
~ What put the flame out so quickly and without 
even one drop of water? 
2. Bobby and his father were tuning up the engine 
of the car. Lately, the engine when idling would 
sputter and stall. Father said that the carbure-
tor needed adjusting. First he cleaned and 
adjusted the gasoline valve and then he did the 
same to the air valve. How did this improve the 
running of the car? 
3. Marie and her class were visiting the airport. 
Their first stop was the equipment room. Here, 
men were carefully testing and checking the equip-
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ment that would soon be used by some pilot. Suits, 
goggles, gloves, and then oxygen masks were all 
carefully inspected. Marie made a mental note 
4. 
'· 
to ask later why they needed the oxygen masks. 
If she asks this question of you, how will you 
answer her? 
At the circus Joan watched the balloon man inflate 
the balloons from a tank of gas. Being a curious 
little girl, she asked him what was in the tank 
that he was using to blow up the balloons. If 
you were the balloon man what kind of gas would 
you use and why? 
5. Carol was setting up a new aquarium. She covered 
the bottom with pretty rocks, had just the right 
number of fish for the size of her tank, bought 
food for the fish. Then she stood back to admire 
her new possession. Something was missing. Can 
you help Carol to fix her aquarium so that it 
will be a healthier place for the fish? 
Discussion of the above problem-solving situations 
should answer the following questions: 
1. What are the properties of oxygen? 
2. What is the use of a carburetor in a gasoline 
engine? 
3. Why do airplane pilots need to be supplied with 
~ extra oxygen? 
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4. Give uses for as many gases in the air as possible. 
5. Why do we put green plants in an aquarium? 
EXPERIMENTS: 
Experiments for this unit may be found in the Teacher's 
Guide for THE 21" CLASSROOM - SCIENCE on pages 19 and 20. 
Additional material may be found by consulting the page of 
pupil textbook references at the end of this unit. 
ENRICHMENT ACTIVITIES: 
1. Find and report to the class any information about 
the amount of oxygen taken for the pilot on the 
space flights. Find how this is supplied to him 
while in space. 
2. Construct an aquarium being sure that you have a 
proper balance of fish and plants. Explain 
this balance to the class. 
3. Find and perform at least one additional experi-
ment to prove that air is matter because it takes 
up space and has weight. 
Teacher's Answer Key 
to 
Problem-Solving Stories 
1. Jerry's Mother knew that flame must have oxygen to 
burn. By putting a rug over the basket 1 she cut 
off the oxygen supply. 
2. By cleaning and adjusting the gasoline valve and 
the air valve 1 the correct mixture of air and 
gasoline was supplied. This made the firing of 
the spark plug better and in turn improved the 
running of the car. 
3. Our bodies must have a certain amount of oxygen 
to function properly. As we go away from the 
earth1 the amount of oxygen in the air becomes 
less and less. Thus 1 in order to have our bodies 
continue to function 1 we must supply extra oxygen 
in the higher altitudes. 
4. Helium is a good gas to put in balloons. It is 
lighter than air and therefore will keep the 
balloons aloft. 
5. Plants are necessary to make a proper balance in 
the aquarium. The fish breath in oxygen and give 
out carbon dioxide. The plants use the carbon 
dioxide and give off oxygen. 
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Pupil Evaluation 
1. In space 1, write the 
names of the three gases 
that are round in large 
amounts in the air. 
2. In space 2, write the 
names of five other non-
poisonous gases found in the 
air. 
3. In space 3, name three 
poisonous gases found in 
small quantities in the air. 
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4. In space 4, tell whether 
air is a compound or a mixture. 
5. In space 5, name two other 
types of matter found in the 
air. 
Nitrogen 
Carbon-
Dioxide 
~-
2. 
3. 
Hydrogen 
Helium 
Argon 
Xenon 
Neon 
Ammonia. 
Carbon-
Monoxide 
Nitrous-
oxide 
Pupil Evaluation Check Sheet 
1. In space 1, write the 
names of the three gases 
that are found in large 
amounts in the air. 
2. In space 2, write the 
names of five other non-
poisonous gases found in the 
air. 
3. In space 3, name three 
poisonous gases found in 
small quantities in the air. 
4. In space 4, tell whether 
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air is a compound or a mixture. 
5. In space 5, name two other 
types of matter found in the 
air. 
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Pupil Textbook Reference 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn and Bacon Our Environment-
Its Relation to Us 7 1960 53-90 
American Book Company ABC Science Series 5 1961 269-327 
D.c. Heath and Science for Toda~ 
Company ana Tomorrow 6 1955 285-324 
J.B.Lippincott E~lorin5 Modern 
clence 7 
14-43 
1959 223-268 
Charles Scribner•s The Wonderworld 
Sons of Science 5 1957 118-146 
The Wonderworld 
of Science 7 1957 45-61 
John c. Winston The New Understand-
Company ingWhy 6 1957 105-128 
PROGRAM IX 
SOUND 
" 
PROGRAM IX 
SOUND 
Topical Outline 
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I. Sound waves are made by: 
A. Pulling one object across another. 
B. Hitting one object with another. 
c. Blowing across or against an object. 
II. Movement makes sound energy. Examples of this are: 
III. 
IV. 
A. A drum. 
B. A bass violin. 
c. The human voice. 
Vibrations cause waves. 
A. Waves cause energy. 
B. Waves travel. 
Sound waves also travel. 
to give the idea of how 
The following are illustrations, 
they travel: 
A. In a row of people the back person gives the one 
in front of him a push. This one in turn pushes 
the one in front of him. As each person is pushed 
he pushes the one in front of him. In this way the 
energy of the push travels, but the people remain 
in place. 
B. The motion traveling along a slinky spring is a 
good illustration of how a sound wave travels. 
c. A chart of molecules shows how each particle moves 
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forward, hits the molecule ahead of it and returns 
to its place while the energy moves forward. 
V. Matter is needed to carry sound. 
A. Solid carries sound best. 
B. Liquid carries sound next best. 
c. Gas is the poorest carrier. 
D. In a vacuum there is no sound. 
Explanation: When the molecules are close together, 
the space between is smaller. Therefore, the sound 
waves or energy travels more easily. In gas, the 
molecules are few and far apart. Thus, it is diffi-
cult for the sound to travel. 
VI. Kinds of sound. 
A. Pitch is determined by: 
1. The length of the vibrating column - the lon-
ger the column, the lower the pitch. 
2. The thickness of the vibrating column - the 
thicker the column, the lower the pitch. 
3. The tension on the vibrating column - the 
looser the column, the lower the pitch. 
4. The frequency or speed of the vibration -
In a picture of a sound wave, this is shown 
by the wave length or distance between peaks. 
The longer the distance between peaks, the 
lower the pitch. 
B. Loudness is caused by the depth or length of the 
vibration. 
c. Quality is caused by differences in the ways of 
vibrating or by what is called the wave pattern. 
VII. Review. 
A. 
B. 
c. 
D. 
E. 
F. 
Sound is energy. 
Sound is caused by things vibrating. 
Sound moves at high speed. 
Sound travels in waves. 
Sounds travel best through solids. 
Sound has several qualities. 
1. Pitch which changes with length, thickness, 
or tautness of the vibrating column. 
2. Loudness which changes with the depth of the 
sound wave. 
3. Quality which changes with the pattern of 
the sound wave. 
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1. 
2. 
Basic Understandings 
Sound waves are caused by vibrations. 
Sound travels through solids, liquids, or gases, 
but not through a vacuum. 
3. Sounds have three varying characteristics: 
Pitch, Loudness, and quality. 
4. Sound travels in air about 1100 feet per second. 
5. When sound waves strike an object, any one or 
more of these results will follow: They will be 
absorbed. They will be transmitted. They will 
be reflected and an echo will be produced. 
6. The longer the vibrating column, the lower the 
pitch. 
1. The thicker the vibrating column, the lower the 
pitch. 
8. The looser the vibrating column, the lower the 
pitch. 
9. The more rapid the vibration, the higher the 
pitch. 
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Pre-Television Lesson 
Before this lesson each child should be supplied with 
a copy of the vocabulary and the vocabulary check. Each 
should have a sharpened pencil. The teacher should have 
a ruler and a long elastic. 
DIRECTIONS TO THE TEACHER 
To start this lesson, hit a ruler sharply on the desk 
or blow up and break a paper bag. "Today's television 
program is on sound. I have just produced sound. As I 
talk, you are hearing the sound of my voice. What is the 
difference in the sound of the ruler and the sound of my 
voice?" 
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PUPIL: "The ruler made a loud sound. Your voice is softer." 
TEACHER: "That's one of the differences in sound. Some 
sounds are loud and some are soft. Another difference in 
sound is noticed when we pluck an elastic." (Hold the 
elastic loosely between two hands. Have a child come for-
ward and strum.) "You keep strumming now while I pull the 
elastic tighter. Everyone listen. What do you notice as 
the elastic gets tighter?n 
PUPIL: "The sound gets higher." 
'tEACHER: "Now you have told me something else about sound. 
As the elastic got tighter the pitch got higher. Look at 
your vocabulary list. What is meant by pitch?" 
PUPIL: "How high or how low the sound is." 
TEACHER: "While we have out our vocabulary lists, let's 
quickly go through the words that will help us to more 
easily understand the program on sound. 11 
At this time the vocabulary words should be dis-
cussed. After the discussion, the teacher should say, 
"Put away your lists and take out your check sheets. 
This will show us what we must still learn about the 
vocabulary words before we view the program." Have the 
children do the check-sheet. 
"As you view this program on sound, be thinking 
how you can make a musical instrument out of materials 
that you have at home. -It will be fun if some of you 
follow up this program by making musical instruments and 
form an orchestra." 
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Vocabulary 
1. FREQUENCY - the number of times something 
vibrates per second. 
2. OSCILLOSCOPE - a machine for measuring sound 
waves. 
3. PITCH - the highness or the lowness of a sound. 
4. QUALITY - the pleasingness of the sound. 
5. SOUND WAVE - the vibration of matter which has 
the ability to affect our ears. 
6. TENSION - the pull or stress put on a vibrating 
object. 
7. VIBRATION - a rapid movement back and forth. 
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Post-Television Lesson 
MATERIALS NEEDED 
2 funnels 
Length of garden hose 
Tuning fork 
Glass of water 
Pencil 
Soda Straw 
Slinky Spring 
Cork stopper 
Pan of water 
Several glass containers 
Water for experiment 
Broom handle or dowels 
Three boards 1 string1 screw eyes to make a harp 
As many musical instruments as possible. 
REVIEW 
1. Today was the day that Mrs. White was to pass 
out song flutes. When the children received the 
flutes and blew 1 they were surprised that it was 
so easy to get a sound. Before long every child 
was able to play the scale. Up went Andy 1 s 
hand. "Mrs. White 1 why is it that as we uncover 
one hole at a time and blow 1 it is the scale?" 
2. Margaret sat on the grass. Idly she pulled a 
blade of grass 1 put it between her thumbs and 
blew. It made a very loud sound. What caused 
the sound? 
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3. John was watching the wave pattern on an oscillo-
scope. It was fun to guess whose voice was being 
pictured. What clues did he get from the 
oscilloscope to help him to identify the speaker? 
4. Mrs. Brown told her class to choose a partner. 
Each pair was given a yardstick. John held the 
stick to his ear. Jack snapped the other end 
with his finger. John was surprised when he 
heard the sound of the stick being snapped. It 
was much louder than he expected. How do you 
explain this? 
5. Marie hit the dinner bell to call the guests for 
dinner. What made the bell sound? 
In discussing the above problem-solving stories, the 
following questions should be answered: 
1. What determines the pitch of a sound? 
2. What is sound? 
3. How can you tell on an oscilloscope when a sound 
changes in pitch, loudness, or quality? 
4. How and by what is sound transmitted? 
5. How are sounds produced? 
EXPERIMENTS 
Experiments for this unit are found in the Teacher's 
Guide on page 43 and 44. For additional material consult 
the pupil textbook references at the end of this unit. 
ENRICHMENT ACTIVITIES 
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There are two activities for a unit on sound that lend 
themselves especially well to class or large group activity. 
1. Construct homemade instruments and form an 
orchestra. 
2. Write a play and produce it. Use as many sound 
effects as possible. 
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~ Answers to Problem-Solving Stories 
1. When all the holes were covered, the air passage 
was longest and the tone was lowest. As we made 
the air passage shorter by opening a hole, the 
tone was raised. Thus as we continued to 
shorten the air passage, the tone became higher 
and higher. 
2. As Margaret blew, she started the blade of grass 
vibrating. These vibrations produced sound. 
3. The length of the wave shows loudness. The 
distance between the crests is determined by 
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the pitch. The pattern of the wave is determined 
by the quality of the sound. 
4. Sound is transmitted best by solids. 
5. Vibrations were put into motion by striking the 
bell. Vibrations are sound. 
HOW MUCH DO YOU REMEMBER ABOUT SOUND? 
In each of the following questions, read the entire 
question and all the possible endings through very care-
fully. Select the correct ending or endings. Put in 
the space at the right the same letter that is in front 
of the ending that you choose as correct. The number of 
blank spaces tell you how many correct endings you should 
find. 
SAMPLE: Sound is 
a. only indoors. 
b. only outdoors. 
c. everywhere. 
d. only where it can be carried through 
the air. SAMPLE: C 
_..;;..__ 
1. Sound is caused by 
a. pitch. 
b. transmission. 
c. muting. 1. .]) 
d. vibrations. 
2. Vibrations are 
a. to and fro motions. 
b. sound waves. 
c. muters. 2. A 
d. light waves. 
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3. The human ear cannot hear some sounds because 
a. sound cannot travel through wood. 
b. there are not enough vibrations. 
c. there are too many vibrations. 3. 
-13 
d. the vibrations are too strong. G 
4. Sound travels 
a. faster than light. 
b. slower than light. 
c. the same speed as light. 
d.. only down because of gravity. 4. )1 
5. Sound travels through some materials 
a. better than through others. 
b. as easily as it travels through any other material. 
c. but will not travel through iron. 
d. but will not travel through glass. 5. d. 
6. Sounds are produced by 
6. d 
a. rubbing. d. blowing. 
'~ 
b. muting. e. plucking. 
c. transmitting. f. striking. 
[; 
£. 
1. Two great men who did a great deal with transmitting 
sound are 
a. Alexander Graham Bell. 
b. Eli Whitney. 
c. John Cabot Lodge. 7. A 
d. Thomas Edison. 
8. Echoes are caused by sound waves that have been 
a. magnified. 
b. muted. 
c. reflected. 
d. pitched. 8. 
9. Dogs can hear sounds that humans cannot hear 
because they 
a. have bigger ears. 
b. can make their ears stand up. 
c. can hear vibrations going too fast for man 
to hear. 
d. can hear sounds of vibrations going too slow 
for man to hear. 9. 
10. Supersonic refers to 
a. outer space. 
b. all sounds. 
c. sounds made by airplanes. 10. 
d. sounds that the human ear cannot hear. 
11. By transmission of sound we mean 
a. sending sound from one place to another. 
b. hushing sound. 
c. studying sound. 
c 
d. vibrating something to make sound. 11. /~ 
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12. We use a damper to 
a. direct the sound wave. 
b. hush or mute the sound wave. 
c. simplify the sound wave. 
d. echo the sound wave. 12. 
13. By frequency we mean 
a. the transmission of sound. 
b. the echo of sound. 
c. the number of vibrations per second. 13. C 
d. the number of different tones that we hear. 
14. To obtain a low tone by plucking we shoud use 
a. a thin string or elastic. 
b. a thick string or elastic. 
c. double string or elastic. 
d. a long piece of wood. 14. 
15. Pitch depends on three things. They are: 
a. how big around the vibrator is. 
b. how tightly the vibrator is stretched. 
c. how long the vibrating part is. !) 
d. how heavy the vibrator is. d 
e. how many vibrating parts there are. 15. c< 
16. In musical instruments, the music is made by 
a. a soft tone. 16. 8 
b. regular vibrations •. 
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c. different things vibrating in different instruments. 
d. wood always vibrating. 
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Pupil Textbook References 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn and Bacon Explorin6 Science 6 1960 131-158 
American Book Company ABC Science Series 6 1961 245-251 
Beckley-Cardy Let's Discover More 6 1957 193-208 
D.c. Heath and Science for Today 1-3 
Company ana Tomorrow 6 1955 88-94 
Lyons and Carnahan Living with Science 5 1960 126-131 
LookifiS Ahead 
wit-Science 6 120-130 
Macmillan and The Macmillan Science 
Company Life Series 7 134-160 
Rand McNally Company Far and Wide 5 1955 220-234 
Your Science World 6 1955 227-242 
Charles Scribner's The Wonderworld of 
Sons Science 5 1957 131-162 
L. w. Singer Company Sin~er Science 
Experiments 5 1959 183-192 
Singer Science 
Problems 6 1956 120-130 
OUr Scientific 
Needs 7 1956 129-146 
John c. Winston The New Discoverin6 
Company Why 5 1957 37-54 
The New Understandin~ 
Why 1957 161-200 
PROGRAM XII 
SIMPLE MACHINES I 
PROGRAM XII 
SIMPLE MACHINES I 
Lever ••• inclined plane ••• wedge 
Topical OUtline 
I. Introduction. 
A. Man is able to do work because 
1. He walks erect. 
2. His hands are free. 
3. His hands are constructed to do work. 
a. He has four fingers and a thumb. 
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b. He can grip and hold things with his thumb. 
B. Man is a tool-maker. 
II. Simple machines are tools because they help us do work. 
Work is done when anything is moved. 
A. The lever. ~rt 
1. There are three parts. 
'"' Fulcrum 
Resistance 
a. The fulcrum is the balancing point. 
b. The effort is the point where the work is 
done. 
c. The resistance is the weight to be moved. 
2. When the fulcrum is in the center, the effort 
and the resistance are equal. 
3. When the distance between the resistance and 
the fulcrum is increased, the effort is in-
creased. However, the distance through which 
~ the effort must be exerted is decreased. 
4. When the distance between the resistance and 
the fulcrum is decreased, the effort is de-
creased but must be exerted through a greater 
distance. 
5. Numbers 2, 3, and 4 show that a gain in effort 
is balanced by a loss in distance and speed. 
6. Examples of the lever are: 
a. Seesaw. d. Hammer. 
b. Flyswatter. e. Log over a rock. 
c. Baseball bat. 
B. Inclined plane is a means of raising a weight on 
an oblique angle rather than a verticle angle. 
1. The advantage is a great decrease in effort. 
2. The disadvantage is a great loss in distance. 
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3. The use of wheels or rollers to reduce friction 
is very helpful in further decreasing the 
effort. 
4. Examples of the inclined plane are: 
a. The wedge. 
(1.) The double wedge back to back are 
used as spreaders. They are often 
used with a lever as a handle; as in, 
the ax, the knife, tin snipes, and 
brush cutters. 
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b. The screw is an inclined plane around a 
shaft. f This holds things by friction. 
( 1.) Nut and bolt. 
( 2. ) Jar and cover. 
( 3. ) Chair that turns to go up or down. 
y 
""" Basic Understandings 
1. 11 A machine is a device to make work easier." 
2. "Work is done when a thing is moved from one place 
to another." 
3. "Machines make work easier by decreasing the effort 
and moving through a greater distance, by increasing 
the effort and moving through a shorter distance, or 
by changing the direction in which the effort must be 
applied." 
4. "A lever is a simple machine that balances or pivots 
on a fixed point or fulcrum." 
5. "An incline plane is a flat surface that is sloped." 
6. "A wedge is two inclined plane put back to back." 
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1. "A screw is an inclined plane wrapped around a shaft." 
8. "Some machines operate more advantageously when friction 
is reduced. Others require friction to function 
properly." 
9. "A complicated machine is made up of several simple 
machines." 
10. There are three types of lever: 
a. The fulcrum is between the effort and the resistance. 
(1.) The fulcrum in the exact center gives a gain 
1 assachuset s Committee for School Television, THE 21" 
LASSROOM - SCIENCE, WGBH - TV, Channel 2, Elementary Studl 
Guide , p. 55-56. 
in the direction of the force. 
(2.) The fulcrum placed nearer to the effort gives 
a gain in speed but requires more effort. 
(3.) The fulcrum placed nearer to the resistance 
gives a gain in effort but a loss in speed. 
b. The resistance is between the effort and the ful-
crum. This means that the required effort is less 
but that it must move through a greater distance. 
c. The effort is between the resistance and the ful-
crum. This gives an advantage in the direction 
of the effort and the distance through which the 
resistance must move, but requires greater effort. 
11. The effort arm is the distance from the fulcrum to the 
~ effort. 
12. The resistance arm is the distance between the resis-
tance and the fulcrum. 
13. An inclined plane is a flat surface on an angle. It 
gives an advantage in effort but there is a great loss 
of distance that the resistance must move. 
14. A wedge is used to split an object. 
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15. A screw is an inclined plane around a shaft. It requires 
friction to hold. 
16. The pitch is the distance between the threads. 
Pre-Television Lesson 
DIRECTIONS FOR THE TEACHER 
TEACHER: "In the next television program we will learn 
about simple machines. We all know the importance of 
the machine in our world today. Stop and think how dif-
ferent things would be if all machines suddenly stopped 
running. We'd have no busses, no automobiles, no new 
supplies in any of the stores. OUr food would spoil 
without refrigeration. We could go on listing the changes 
and adjustments that we would have to make if machines 
disappeared. What machines have you used and depended on 
recently?" 
(The answers to this will be very varied. However, 
they should make the child realize the dependence of our 
present civilization on machines.) 
TEACHER: "Day after day machines are a vital part of our 
lives. Father goes to work where he runs machines. Mother 
depends on machines to help her get her housework done. 
Children are conveyed to school in machines. Machines are 
everywhere for every purpose. But how would you tell 
someone what you mean by the word machine?" 
(The answers here will be very varied and probably 
very vague.) 
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TEACHER: "You're all right, but an easier way to tell all 
this is: 1 A machine is anything that makes our work easier.' 
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Most o~ the machines we•ve talked about today are very 
complicated and o~ten a combination o~ many simple machines. 
Some things we use are really simple machines. However, 
they are so simple and so common-place that we do not even 
think o~ them as kind of a machine. As you watch the 
program today, make a mental note o~ these very simple 
machines that we use without even realizing that they are 
machines. Also be alert so you can ~ind out why these 
things are machines." 
Vocabulary 
1. ADVANTAGE - gain or benefit. 
2. EFFORT - the force or energy required to do work or 
to move an object from one place to another. 
3. FORCE - the energy or power to do work. 
4. FULCRUM - the balancing point of a lever. 
5. INCLINED PLANE - a plane surface raised at one end 
to make a sloped surface. 
6. LEVER - a bar pivoting on a point or fulcrum. 
7. RESISTANCE - the object or weight to be moved or 
the work to be done by a machine. 
8. SCREW - a slender piece of metal having spirals or 
threads around it. 
y 
9. WEDGE - a piece of wood or metal thick at one edge y 
and thin at the other. It can be thought of as 
two inclined planes back to back. 
1/Gerald s. Craig and others, Experimenting in Science, 
Ginn and Company, New York, 1958, p. 281. 
£/Ibid., p. 282. 
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Pupil Evaluation 
SIMPLE MACHINES I 
Vocabulary Check 
DIRECTIONS: In the following story fill each blank with a 
word from the vocabulary list. It may be necessary to use 
some words more than once. 
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Mary and John were on their way home from school. The 
television program that day had been about simple machines 
and Miss Jones had told the children to watch for simple 
machines in use. For several days they had been watching 
carpenters building the new recreational center. But today 
for the first time, the two children looked at the tools 
being used. 
Mary was the first to speak. "John, that hammer being 
used by the carpenter is really a (lever) His 
muscles are the (force) doing the work there. It 
is funny to think of that little nail as the (resistance) 
but it really is." 
"Mary, look at the man trying to get the heavy bundles 
of shingles to the piazza roof. He's taking it up the 
stairs because they are really ~<-a~n-=i~n~c~l~i~n~e~d_.p~l~a~n~e~) ______ • 
There is quite an (advantage) in the amount of (effort) 
required. However it is a lot farther to go up the stairs 
then going up the side of the building. That's just what 
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the man on television told us today. 1If you gain in 
(effort) , you gain in distance.'" 
"John, the man using the crow-bar to move the rock from 
the driveway is using a simple machine, too. He's using 
a (lever) The rock in the middle under the bar 
is really the (fulcrum) • The rock that he is 
trying to move is the (resistance) • The (screw) 
is a simple machine that depends on friction to make it 
hold. And the shingle hatchet the man on the roof is 
using is really a (wedge) • It's funny, but I 
never thought of these things as machines." 
Post-Television Lesson 
MATERIALS NEEDED 
The following materials are necessary to perform the 
experiments suggested in the Teacher's Guide THE 21" 
CLASSROOM - SCIENCE: 
Common tools that are levers; inclined planes, or wedges. 
These may be brought in by class members. 
Yardstick 
Cord to suspend yardstick 
Four identical objects 
(Coins will do) 
A spring scale 
A weight easily attached 
to scale 
Screws and nails 
Something suitable for a fulcrum Construction paper 
To make a lever of yardstick 
A triangular shaped piece of wood is best. 
A board for an inclined plane A pencil for a shaft 
Two blocks of wood 
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Each child should be given a copy of the vocabulary for 
Program XII. Each child should also be given a piece of 
12" by 18" art paper. Pencils should be sharpened. 
REVIEW 
Suggested problem-solving situations: 
1. Pretend that you are a moving man. Discuss how you 
will get a piano into a second floor apartment. 
The front bay window is large enough for the piano 
to fit through. 
2. Pretend that you are a builder. You have a keg 
of nails to take to the second floor but the 
stairs are not yet built. How will you get your-
self and the nails up there? 
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3. Pretend that you are building a driveway. Discuss 
with your helper the easiest way to move the 
large boulder without a tractor or large machine 
like that. 
4. Pretend that you are sitting on a wharf watching 
the ships load and unload. Describe the simple 
machines that you see in use. 
This part of the lesson should include a discussion of 
the vocabulary words and the following questions. All 
answers may be found in the topical outline. 
1. Why can man work more easily then animals? 
2. What is a simple machine or tool? 
3. What is a lever? What are the three parts of a 
lever? 
4. Describe the three classes of levers? Give the 
advantages and the disadvantages of each. 
5. Give as many illustrations as possible of the lever. 
6. Describe the inclined plane. Give its advantages 
and disadvantages. 
1. Describe a wedge and give its use. 
8. Describe a screw and give its use. 
EXPERIMENTS 
A teacher must remember that the experiments that a 
pupil can see and do for himself are the most valuable. 
Give every child an opportunity to do some experiment no 
matter how simple it is. For a nucleus or experiments 
refer to the Teachers• Guide pages 57 and 58 and to the 
pupil text books listed at the end of this unit. 
ENRICHMENT ACTIVITIES 
1. Make a notebook on a famous invention in which 
you are interested. 
2. Make a poster urging safety with machines. 
3. Make a diagram of the three classes of levers. 
Label the parts. 
4. Make a collection of the simple machines discussed 
in this unit. 
5. See who can get the longest list or uses for 
levers, inclined planes, wedges, and screws. 
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Answer Key for 
Problem Solving Stories 
1. In order to get the piano to the second floor it 
would be necessary to use a series of levers and 
pulleys. 
2. An inclined plane would be the easiest method to 
get the keg of nails and yourself to the second 
floor. 
3. 
4. 
A lever will help to make easier the moving of 
the large boulder. 
Simple machines of all kinds will be seen on the 
dock. A picture of this scene would help in 
identifying the uses of the various machines. 
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In each box to the right of the picture describe 
the picture according to the word at the top of that 
column. 
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Machine Use Advantage Disadvantage 
• 7\ • 
rY 
/ 
~ 
~ 
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Key to Pupil Evaluation on 
SIMPLE MACHINES I 
In each box to the right of the picture describe the 
picture according to the word at the top of that column. 
Machine Use Advantage Disadvantage 
Raise a Change in 
.. • Lever weight direction 7'\ of force 
Change in Effort must 
Lever Raise a direction be applied 
/ weight of force through a and gain greater dis-in effort tance 
Effort must 
/ Inclined Raise a Less be applied Plane weight effort through a required greater dis-tance 
Loss of 
Screw Hold two Gain in speed and @' things force distance. together Friction is involved. 
~ Loss of Lever Hit a Gain in speed and wedge force distance into an through which object effort must 
travel 
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,... Pupil Textbook References 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn & Bacon Ex:eloring Science 5 1960 255-278 
Ex:eloring Science 6 1960 104-130 
Our Environment-
Its Relation to Us 7 1960 181-200 
Beckley-Cardy Let's Discover More 6 1957 253-280 
Ginn and Company Experimentin5 in 
Science 6 1955 212-233 
Learning with 
Science 7 1961 262-268 
Heath and Company Science in Our 
World 5 1959 212-248 
J.B. Lippincott Science Through 
Company the Seasons 5 1956 93-120 
~ Science Beneath the Skies 6 1956 74-88 
Rand McNally Company Far and Wide 5 1955 
L.W. Singer Company Singer Science 
Problems 6 1956 103-119 
John c. Winston The New Discovering 
Company Why 5 1957 245-284 
The New Understand-
ing Wh~ 6 1957 121-142 
PROGRAM XIII 
SIMPLE MACHINES II 
I. Wheel 
PROGRAM XIII 
SIMPLE MACHINES II 
Topical OUtline 
A. Importance. 
Its roundness and its ability to roll thus reducing 
friction makes the wheel a most important machine. 
" B. History 
1. Travois: A carry-all made by the Indians by 
joining two poles with a blanket and dragging 
one end. 
2. Rollers or logs were added to the travois to 
facilitate movement. 
3. Sections of the logs were cut off and a shaft 
was put between them to lighten the resistance. 
4. A cart was put on top of a wheel and axle. 
5. 2 wheels and axles were used in one vehicle. 
Trucks, autos, railroad, and all types of 
conveyances now developed. 
6. Hubs, spokes, and rim replaced the solid wheel 
to make it still lighter. 
c. Uses of the wheel 
1. Paddle wheels on steamboats. 
2. Auto steering wheel. 
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3. c. clamp. 
4. Gears 
D. Wheel and axle can also be one spoke left on a hub. 
In such a case the spoke is really a lever. 
Examples of this would be a drill or an auto jack. 
II. The automobile is really a bundle of simple machines. 
A. Levers: Windshield wipers, gear shift, spokes on 
the steering wheel, the door, door handle, brake, 
etc. 
B. Wheel: The four supporting wheels, the steering 
c. 
D. 
E. 
wheel, the axle, all 
Inclined plane: all 
Wheel and axle: key 
window cranks, jack, 
Wedge: the end of the 
gears. 
screws, bolts and nuts. 
and lock, radio switch, 
etc. 
jack handle. 
III. Pulley: a wheel and axle in a case. 
A. A single fixed pulley with a single supporting 
strand. 
1. Has the advantage of a change in direction. 
2. Has no advantage in effort. 
B. A pulley with two supporting strands. 
1. Has the advantage in effort. It needs only half 
the effort as a single strand pulley. 
2. Has the disadvantage of direction. It must 
have effort applied in the same direction. 
c. Double pulleys with four supporting strands. 
1. Have the advantage in effort. It requires 
only l/4th the effort as a single strand 
pulley. 
2. Have a disadvantage in distance. The 
resistance must be moved through four times 
as much distance. 
D. Uses: cranes, clothes lines, etc. 
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Basic Understandings 
The following are the basic understandings that each 
child should learn through participation in the viewing 
and pre lesson and post lesson activities of this unit: 
1. Wheels or rollers make things easier to move by 
reducing friction. 
2. A wheel and axle is a combination of a wheel and 
a shaft. 
3. A pulley is a wheel and axle encased in a box. 
4. A single pulley with a single supporting strand 
results only in the change of the direction of 
effort. 
5. The more supporting strands on a pulley the less 
effort is required. But the effort must move 
through a greater distance. 
6. 
7. 
The spokes of a sheel are really levers. .v 
"The wheel and axle can be used for the purpose of 
transmitting power: 
a. by friction - one wheel can turn another. 
b. by belt - a belt attached to a drive wheel is 
connected to a second wheel. 
c. by gears - notched wheels are meshed so that one 
can turn another." 
y 
1/Massachusetts Committee for School Television, THE 21" 
~LASSROOM - SCIENCE, WGBH - TV, Channel 2, Elementary Studl 
Guide, 1959c, p. 60 - 61. 
Yibid., p. 61. 
Pre-Television Lesson 
DIRECTIONS FOR THE TEACHER 
To introduce this lesson and to make the child aware 
of the importance of wheels, have someone ride a bicycle 
into the classroom at the beginning of the presentation 
lesson. 
TEACHER: ''You're just in time., John. Your machine will 
help us to better understand today's television program on 
SIMPLE MACHINES - PART TWO. One of the machines discussed 
today will be the most important part of your bicycle. Can 
you guess what it will be?" 
JOHN: "The wheels. 11 
TEACHER: "Right. Class., how many wheels do you think that 
John's bicycle has?u 
PUPIL: "Two. u 
TEACHER: "It has two that are easily seen. However., there 
are several more hidden in the sprocket, in the gears, and 
in the steering apparatus. Just as many simple machines 
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are concealed in the workings of this bicycle so are all 
kinds of simple machines being utilized in many, many things 
that we use every day. As you view the program today you'll 
be amazed at the number of simple machines being used by you 
every day. Let's turn the television on and find out more 
about the wheel and pulley as simple machines helping to make 
our everyday work easier." 
Vocabulary 
1. Block and tackle - a combination of lines, pulleys, and 
cases used to move heavy objects. The advantage in each 
case depends upon the way the pulleys are combined. 
See diagram below. 
y 
A. B. c. 
E. shows point 
E. E. £ of application 
R 
of effort. 
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R. shows place-
ment of resist-
e. ance. 
a. Change in direction of effort. 
b. Needs 1/2 the effort. 
c. & d. Changes direction of effort and takes 1/2 the power. 
e. Changes the direction of the effort and takes 1/2 
the power. 
l/United States Navy, The Bluejackets• Manual, u.s. Naval 
Institute, Anapolis, Maryland, 1942, p. 360. 
f. The pull is 1/4 the weight lifted and the effort 
is reversed. 
g. The effort is reduced to 1/6 of the resistance 
and the direction of the effort is reversed. 
Note: In each case the amount of effort required is 
determined by the number of supporting strands. 
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2. Conveyor belt - a belt attached to a drive wheel and 
to another wheel. As the drive wheel turns the belt 
also turns and takes material from one place to another. 
3. Fixed pulley - a pulley attached to a stationary object. 
4. Gears - notched wheels meshed so that one can turn the 
5. 
6. 
7. 
y 
other. 
Movable pulley - a pulley allowed to ride freely along 
a line which is attached to a stationary object. 
Pulley - a grooved wheel in a case called a block. 
Screw conveyor - A means of conveying material from one 
place to another by means of one wheel turning another 
by friction. 
l/Massachusetts Committee for School Television, THE 21" 
CLASSROOM - SCIENCE, WGBH - TV, Channel 2, Study Guide -
Elementary, 1959c., p. 61. 
Vocabulary Check 
The vocabulary check for this lesson will include all 
the words from the vocabulary lists for both lessons on 
simple machines. It is to be in the form of a game -
Science Bingo. It will be necessary for the teacher or one 
or two of the more capable pupils to prepare the materials 
in advance. 
MATERIALS: 1 Large envelope {9 x 12) for storage of all 
materials. 
1 Sheet of oak tag 9 x 12 for the teacher. 
1 Sheet of oak tag 9 x 12 for each pupil. 
Some type of marker or ball point pen. 
An envelope of container for each child's card 
and markers. 
DIRECTIONS FOR MAKING THE BINGO SET: 
1. 
2. 
Rule each pupil's 
sheet according to 
diagram at right. 
Cut out the 18 one 
inch squares at the 
right. These are 
the markers. 
I ' I ;;t 
3. Neatly print one vocabulary word in each of the 
16 one and one half inch squares on the remaining 
6" square. Be certain that each card has a 
different combination of words. 
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4. Place a card and 18 markers in an envelope or 
container ready for distribution. 
5. Rule the teacher's 
sheet of oak tag 
according to the 
diagram at the 
right. 
6. Neatly print one 
vocabulary word 
and its meaning in each 111 x 6u strip. 
7. Cut apart the strips. 
DIRECTIONS FOR SCIENCE BINGO: 
1. Give each child a card and 16 markers. 
2. Shuffle the teacher's strips. 
3. Take the top strip. Omit the key word. Read 
orally the meaning of the word. The strip is 
than put face up on a desk. (Not a players.) 
4. Each child covers on his card with a marker the 
word that fits the meaning. 
5. This is repeated with each succeeding strip 
until a child has covered four squares in a row 
either horizontally or vertically. 
6. As soon as anyone covers four in a row, that per-
son stands and says, "Bingou. 
7. A second child is called to the desk where the 
used strips have been put. 
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8. The first child calls the words under each marker 
in the covered row. 
9. As each word is called, the second child finds 
the meaning and reads it back. 
10. If all words check the first child is declared the 
winner of that game. 
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Post-Television Lesson 
This is one of the units that is most enjoyed by the 
pupils. Each child should be expected to produce and 
explain at least one simple machine. 
MATERIALS NEEDED: 
The following materials are necessary to carry on this 
lesson: 
The two wheel bicycle 
A single fixed pulley 
A movable pulley 
Cord for the pulleys 
A double pulley 
A collection of simple machines 
REVIEW: 
Wire coat hanger 
Spools 
Marbles 
Scotch tape can 
Pencils for axles 
Suggested problem-solving situations for discussion; 
1. Marie sat on the street corner waiting for her 
mother to finish shopping. She started to look 
for wheels. She found wheels on autos, on carts, 
on trains, in pulleys, etc. In fact, she was 
surprised to find wheels in so many different 
places. Make believe that you are Marie. Name all 
the wheels that Marie might have noticed on that 
busy street corner. 
2. How would your life and Marie 1 s be changed if every 
wheel stopped turning? 
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3. Joel was learning to drive his father's car. His 
father had given him instruction in handling the 
machine. Then, he insisted that Joel learn the 
advantages, disadvantages, and workings of the six 
simple machines. How would this help Joel in 
later years to be a better driver and operator of 
an automobile? 
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4. Mother needed additional clothesline room. If her 
line went across the garden, then the patio could be 
free of clothes. She didn't wish to walk across 
the garden. How could you set up her clothesline 
for her so she could stand in one place at the 
end of the garden and hang her clothes? 
5. Jerry stood fascinated outside of the automobile 
assembly plant window. As he walked up the line, he 
could see first one part of the automobile and then 
another put onto the half completed machine. 11 This 
is an easy way to do it," he thought. "The un-
finished part just rides by and you put on your 
part. I wonder what makes them move?" Can you 
explain to Jerry? 
The following questions should be answered in the above 
problem solving discussion. The answers may be found in the 
topical outline, in the vocabulary list, or in the basic 
understandings: 
1. Why is the wheel such an important machine? 
2. Trace the history of the wheel. 
3. List as many of the uses for the wheel as possible. 
4. Explain: "The automobile is really a bundle of 
machines." 
5. Describe a pulley. 
6. Discuss the advantages and the disadvantages of 
pulleys. 
1. Give as many uses of the pulley as you can. 
8. What three ways can a wheel and axle be used to 
transmit power? 
9. What is the relationship of the supporting strands 
of a pulley to the amount of effort? To the dis-
tance through which the effort must pass? 
EXPERIMENTS 
The purpose of the experiments for this unit should be 
to make the child aware of the fact that a lever, an in-
clined plane, and a screw are really very simple machines. 
They should also realize that these very simple machines 
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are combined in various ways to make the very complicated 
machines of today. The child should be made to realize that 
all machines do some work. They should be shown that there 
are disadvantages as well as advantages. 
Suggested experiments for classroom demonstration may 
be found in the Teachers• Guide on page 61 and 62 and in 
pupil textbooks as listed on page153 of this paper. Also, 
the pulley demonstration as set forth on the vocabulary page 
should be set up, carried out, and thoroughly explained. 
ENRICHMENT ACTIVITIES 
1. Do a research paper to determine the effect of 
machines on leisure time. 
2. Make a notebook about any invention that is of 
interest to you. 
3. Make a replica of a famous invention. 
4. Make a diagram showing as many of the simple 
machines as you can get into one scene. 
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Answer Key for 
Problem Solving Stories 
1. As Marie watches the wheels on a busy street 
corner, she will see wheels on cars, bicycles 
and busses. She will see wheel and axle com-
binations in steering wheels. In fact, a wheel 
in some form will probably be seen in every-
thing that passes her. 
2. If all the wheels in the world stopped turning, 
we would be put back into the days of the cave 
men. 
3. By understanding the 6 simple machines, Joel 
would better understand the complicated machin-
ery of an automobile. Naturally, and under-
standing of how a thing works will make you a 
better operator of the machine. 
4. In order to set up a clothesline that would go 
above the garden, it will be necessary to use 
pulleys. 
5. The conveyor belt is turned by a wheel and axle 
which in turn is turned by a motor. 
150 
Pupil Evaluation 
In each of the following situations which simple 
machine or combination of simple machines would you choose 
to help you? Give at least one reason for your choice. 
Describe how you would use it. 
1. You are helping your father make a new driveway. 
He left instructions for you to move a large 
rock before he returned home from work. The rock 
is too heavy for you to move. 
Answer: A lever. A crow bar with a log for a 
fulcrum. Since you would be alone~ it would be 
important to put the log fulcrum near the rock 
and thus use as little effort as possible to roll 
the rock. It would probably be necessary to set 
your lever up several times to move the rock any 
distance. 
2. Your job on a lobster boat is to lift the traps 
into the boat. 
Answer: A pulley to merely change the direction 
of the effort or a wheel and axle in the form of a 
winch. 
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3. You are a road engineer. Your assignment is to lay 
the plans for a road to the summit of a very steep 
mountain. What simple machine principle must you 
keep in mind? 
Answer: The inclined plane. This means that the 
road must wind up the mountain rather than go 
vertically up. This will take much less effort 
to travel to the top but it will be a longer 
road. 
4. Your mother just called for some wood for the fire-
place. When you went out to the woodshed, the 
pieces were all too thick. It is necessary for you 
to split some of the pieces. 
Answer: A hatchet which is a combination of a 
wedge and a lever. The blade is a wedge used to 
split the wood. The handle is a lever used to 
give more speed to the blade by having the fulcrum 
away from the resistanee. 
You needed to hold a piece of wood very steady. 
Father suggested that you put it into his vise. 
What simple machines were you employing as you 
turned the handle to close the jaws on your piece 
of wood? 
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Answer: An inclined plane around a shaft to make a 
screw, a wheel and axle, a lever. The screw was 
holding tight with friction. The wheel and axle 
made it possible to turn the screw readily. The 
handle is a lever which gives leverage to turn the 
screw. 
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Pupil Textbook References 
PUBLISHER TITLE GRADE DATE PAGES 
Allyn & Bacon 
Beckley-Cardy 
Ginn and Company 
Heath and Company 
J.B. Lippincott 
Company 
Exploring Science 5 
Exploring Science 6 
Our Environment-
Its Relation to Us 7 
Let's Discover More 6 
Ex~erimenting in 
cience 
Learning with 
Science 
Science in Our 
World 
Science Through 
the Seasons 
Science Beneath 
the Skies 
6 
7 
5 
5 
Rand McNally Company Far and Wide 
6 
5 
L.W. Singer Company 
John C. Winston 
Company 
Singer Science 
Problems 6 
The New Discovering 
Why 5 
The New Understand-
ing Why 6 
1960 255-278 
1960 104-130 
1960 181-200 
1957 253-280 
1955 212-233 
1961 262-268 
1959 212-248 
1956 93-120 
1956 74-88 
1955 
1956 103-119 
1957 245-284 
1957 121-142 
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